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^T^HE  appearance  of  this  report  has  been  greatly  delayed, 
from  causes  which  were  unavoidable.  Doctors  Crane 
and  Rogers  had  their  parts  completed  and  submitted  three 
years  ago,  and,  in  a  measure,  they  are  out  of  date  as  a  result 
of  the  delay.  This  is  particularly  true  of  the  report  by  Doc- 
tor Crane,  as  methods  of  mining  and  ore  handling  have 
changed  to  a  considerable  extent  during  those  three  years. 

The  field-work  for  the  report  was  begun  during  the  summer 
of  1898  and  has  been  continued  somewhat  intermittently  to 
the  present  time.  Dr.  W.  R.  Crane  and  Dr.  A.  F.  Rogers 
have  been  my  principal  assistants  in  field-work  and  in  the 
preparation  of  the  report,  but  Messrs.  D.  F.  McFarland,  0. 
F.  Stafford  and  Charles  McClair  were  associated  with  us  dur- 
ing the  field  season  of  1899  as  volunteer  assistants.  Each  of 
them  did  excellent  work. 

In  addition  to  the  above-named  gentlemen,  great  assistance 
has  been  rendered  by  many  mine  operators  and  laborers 
throughout  the  entire  mining  district  examined,  to  all  of 
whom  I  wish  to  express  special  thanks.  No  geologist  ever 
received  a  more  friendly  greeting  and  a  warmer  welcome 
while  examining  mining  properties  than  were  shown  to  all  of 

us  by  the  various  mine  operators  and  laborers. 

E.  H. 

University  op  Kansas,  July,  1904. 

(XV) 


PART  I. 

HISTORY,  GEOGRAPHY,  GEOLOGY  AND  METALLURGY 
OF  GALENA-JOPLIN  LEAD  AND  ZINC. 


By  ERASMUS  HA  WORTH,  Ph.  D. 


1**« 
— Vlll 


CHAPTER  I 


•    -• 


HISTORICAL. 


General. 

THE  history  of  the  discovery  of  lead  and  zinc  and  the 
commercial  development  in  mining  and  metallurgical 
operations  of  these  metals  constitute  an  interesting  chapter  in 
the  history  of  civilization.  It  has  been  so  well  given  by  Mr. 
Arthur  Winslow,  in  the  early  pages  of  his  great  work  on  the 
"Lead  and  Zinc  Deposits  of  Missouri''  (volume  VI,  Missouri 
Geological  Survey) ,  that  a  large  part  of  the  chapter  is  here 
quoted,  including  foot-notes  and  references  to  literature,  be- 
lieving that  the  republication  here  of  a  chapter  no  longer 
available,  on  account  of  its  being  out  of  print,  will  be  wel- 
comed by  the  readers  of  this  report : 

**Lead  and  its  properties  have  been  known  for  a  very  long 
period,  reaching  back  to  before  the  beginning  of  history. 
Zinc  was  first  recognized  only  a  few  hundred  years  ago,  and 
is,  hence,  comparatively  speaking,  a  modern  metal. 

"In  prehistoric  times  lead  does  not  appear  to  have  been  ex- 
tracted from  its  ores  either  in  Europe  or  in  America.  Thus, 
that  metal  is  not  found  among  the  remains  of  the  Swiss  lake 
dwellers,  excepting  in  very  small  amounts  in  bronzes,  where 
it  may  readily  have  been  derived  from  the  copper  ores  used. 
In  America,  specimens  of  galena  have  frequently  been  found 
in  the  mounds  of  the  Mississippi  valley  ;  but  no  metallic  lead. 
Whitney  concluded,^  after  his  examinations  made  before  1862, 
that  the  metal  was,  at  least,  not  of  common  use  among  the 
Indians,  and  its  reduction  was  probably  taught  by  the  white 
men.  Within  historic  times,  however,  the  use  of  lead  dates 
back  to  the  earliest  records  in  Asia,  Africa,  Europe,  and 
America.     .     .     ." 

L  Whitney,  J.  D.,  and  Hall,  James :  A  Report  on  the  Geolosrical  Survey  of  the  State  of  Wis- 
consin. 1862. 
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Asia  and  Africa. 

r  — 

« 

''Asia  and  Africa  are  so  intimately  connected  in  biblical 
and  other  early  history  that  they  are  best  considered  together. 

'*Lead. — Pliny  attributes  the  discovery  of  lead  to  Midas, 
king  of  Phrygia,  in  Asia  Minor,  a  somewhat  legendary  per- 
sonage who  reigned  over  a  thousand  years  before  Christ. 
Lenormant,'  however,  declares  that  the  Chinese  were  ac- 
quainted with  all  metals  as  early  as  2000  b.  c.  Lead  and 
iron  mines  were  exploited  in  the  desert  near  the  Red  sea  in 
the  time  of  the  ancient  Eyptians,  and  the  metal,  as  well  as 
litharge,  was  known  to  these  people.  Solder  containing  the 
former  is  found  in  ruins  ascribed  to  the  time  of  the  Pharaohs. 
The  Israelites  were  commanded  by  Moses  (about  1500  b.  c.) 
to  purify  lead  (called  'opheret')  by  fire;  but  they  made  no 
exact  distinction  between  this  metal  and  tin. 

**In  Assyria,  Phoenicia,  Arabia,  Armenia,  Chaldea,  Persia, 
India  and  China  are  deposits  of  silver-lead  ores  which  were 
worked  by  the  ancients,  and  in  Tunis  and  Algeria  also. 
The  Phoenicians  (1550-'55  b.  c.)  also  worked  lead  mines  in 
Cyprus  and  Thasos.  The  separation  of  silver  from  lead,  by 
simple  melting  and  oxidation,  was  prosecuted  before  600  b.  c. 
in  the  East.  In  Japan,  lead  mining  was  prosecuted  as  early 
as  the  eighth  century.  The  uses  to  which  lead  and  its  com- 
pounds were  put  by  the  ancients  were  numerous  and  often 
peculiar.  The  Chinese  are  credited  with  having  used  flat- 
tened lead  as  money  probably  as  early  as  2000  b.  c,  and  it 
was  also  used  there  for  debasing  more  valuable  coinage.  In 
India  it  was  used  as  weaver's  weights  and  also  as  a  charm ; 
red  lead  was  used  as  a  cosmetic,  and  the  medicinal  applications 
of  this  and  other  compounds  were  various.  The  Egyptians 
glazed  pottery  and  made  solder  for  wares  from  lead  ;  they 
also  made  amulets  and  other  objects.  Wooden  anchors  of 
the  Phoenicians  were  filled  with  lead.  They  also  used  leaden 
coffins.  Lead  was  used  in  glass  as  early  as  800  b.  c.  The 
masonry  of  ancient  Babylon  was  strengthened  by  iron  clamps 
held    in    sockets    by   lead,  and   the    hanging   gardens    were 

2.  L'Orfeverie  d'  Etain.  Revue  Archeoloflrique.  quoted  by  Pulsifer  in  his  "  Notes  for  a  History 
of  Lead."  To  this  painstaking  and  exhaustive  work  of  Mr.  Pulsifer.  the  writer  wishes  to  make 
acknowledsrments  for  many  of  the  facts  for  the  followincr  historical  sketch. 
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floored  with  sheet  lead.  Lead  was  generally  added  to  an- 
cient bronzes.  Lead  pipes  were  also  used  in  Asia  and  Arabia. 
White  lead  was  used  as  an  ointment  by  the  Egyptians,  but 
not  as  a  pigment. 

•*ZiNC. — The  only  clue  which  we  have  to  the  uses  of  zinc 
in  these  centuries  in  ancient  times  is  in  the  references  to  brass 
and  bronzes,  the  two  being  probably  often  confounded.  The 
properties  or  even  the  existence  of  the  metal  itself  were  not 
known.  Bronzes  are  known  to  have  been  made  by  the 
Egyptians.  Moses  refers  to  brass  in  Numbers  (xxxi,  22)  and 
mention  is  made  of  it  elsewhere  in  the  sacred  writings.  The 
manufacture  of  bronzes  and  brasses,  says  Robert  Hunt,^  ap- 
pears  to  have  been  engaged  in  from  a  very  early  period  by 
some  branches  of  the  Phoenician  people  and  the  Assyrians. 
Coming  down  to  comparatively  recent  times,  the  discovery 
and  production  of  the  metal  zinc  is  to  be  accredited  to  the 
East;  for,  before  even  its  ores  were  recognized  in  Europe, 
Libavius  (1597),  who  first  investigated  the  properties  of  the 
metal,  speaks  of  it  as  a  peculiar  kind  of  tin  found  in  the  East 
Indies,  whence  some  brought  to  Holland  came  into  his  hands. ^ 

Lead  in  Europe. 

**Lead  mining  of  Europe  probably  began  along  the  shores 
of  the  Mediterranean,  where  the  knowledge  of  the  metal  was 
most  readily  acquired  from  the  East. 

**The  Laurium  mines,  in  Greece,  are  thought  to  have  been 
worked  as  early  as  the  Trojan  wars  (about  1200  b.  c),  and 
articles  of  lead  were  found  by  Schliemann  among  the  ruins 
of  ancient  Troy.  The  Phoenicians  established  themselves  at 
Cadiz  as  early  as  the  twelfth  century  b.  c,  and  engaged  in 
or  stimulated  the  mining  of  lead  and  other  ores  of  southern 
Spain,  and  probably  those  of  France  also.  The  Sardinian  mines 
were  also  worked  by  them,  and  probably  those  of  northern 
Spain  and  Sicily.  The  Carthaginians,  succeeding  the  Phoe- 
nicians, continued  and  encouraged  mining  in  these  countries. 

'*  Greece, — In  Greece,  lead  mining  was  conducted  on  a  large 
scale  at  Laurium  during  the  sixth  and  fifth  centuries  b.  c, 

8.  Hant,  Robert:  British  Minin^r  — A  Treatise  on  the  History.  Discovery,  Practical  De- 
yelopments  and  Future  Prospects  of  Metalliferous  Mines  in  the  United  Kinspdom.    London,  1880, 

4.  Roecoe,  H.  E.,  and  Schorlemmer,  C:  A  Treatise  on  Chemistry,  voL  II.  pt.  i,  p.  251. 
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and  to  a  more  limited  extent  down  to  the  Christian  era. 
After  that  it  was  practically  abandoned  until  1864.  The 
metal  was  put  to  many  uses  here  during  the  early  centuries. 
Bronze  coins,  between  the  years  500  b.  c.  to  50  b.  c,  con- 
tain from  3  to  30  per  cent,  of  lead.  Bullets  for  slings  were 
made  of  it.  It  was  also  made  into  pipes.  Other  objects  were 
images  and  ornaments,  weights  and  scales.  White  lead  (com- 
posed probably  of  a  mixture  of  the  acetate  and  carbonate) 
was  used  as  an  ointment  or  cosmetic.  At  the  beginning  of 
our  era  this  was  manufactured  in  large  quantities  in  Rhodes, 
and  also  at  Corinth  and  in  Lacedemonia. 

'•Brass  was  also  manufactured.  It  is  referred  to  by  Aris- 
totle (400  B.  c.)  as  Mossinoecian  copper,  made  by  melting 
copper  with  a  peculiar  earth  from  the  shores  of  the  Black  sea. 
A  Greek  coin  of  Trajan,  struck  in  Caria,  110  a.  d.,  contained 
20.7  per  cent,  of  zinc. 

*' Romans  and  Italy. — The  Romans,  succeeding  the  Car- 
thaginians, conducted  lead  mining  on  a  large  scale  in  Spain, 
Sardinia  and  near  Africa,  and  they  extended  operations  into 
France  and  England,  and  perhaps  into  Austria.  They  util- 
ized the  metal  for  the  same  purposes  as  the  Greeks,  and  also 
in  masonry,  in  hoops  for  casks,  lids,  armor,  buckets,  and 
even  for  kettles,  despite  the  fact  that  its  poisonous  properties 
were  known.  Water  pipes  of  this  metal  were  employed  ex- 
tensively, some  as  much  as  30  inches  in  diameter.  Coffins 
and  vases  were  also  made  of  it. 

•'After  the  Roman  period,  mining  languished  for  centuries 
both  in  Italy  and  other  countries.  In  the  eleventh  century  the 
Sardinian  mines  were  reopened ;  they  were  worked  again 
about  1720,  and  during  the  past  40  years  they  have  been 
continuously  operated.  The  mines  of  Sicily  were  reopened 
in  1747,  but  later  were  abandoned.  Mines  of  the  Italian 
Alps  and  Piedmont  were  worked  in  the  Middle  Ages. 

''France. — In  France  the  Phoenicians  and  Gauls  are  sup- 
posed to  have  worked  silver-lead  ores  before  the  Romans. 
After  the  operations  of  the  latter,  mining  was  largely  aban- 
doned from  the  fourth  century  to  the  time  of  Charlemagne 
(800),  when  a  stimulus  was  given  to  the  industry.     It  sank 
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again  after  that,  however,  and  Spain  was  principally  de- 
pended upon  as  a  source  of  supply.  The  Moors  operated 
mines  in  the  Pyrenees.  A  revival  prevailed  during  the 
eleventh  and  twelfth  centuries,  to  decline  again  in  the  thir- 
teenth. Lodes  of  the  Vosges  were  discovered  in  1313.  Opera- 
tions were  resuscitatedfin  the  sixteenth  century  and  continued 

» 

through  the  seventeenth  and  eighteenth,  though  on  a  more 
limited  scale. 

''At  Pontgibaud  records  date  back  only  to  the  sixteenth  cen- 
tury, but  remains  of  early]workings  indicate  a  very  early  date 
of  mining  here.  Ever  since  the  eleventh  century  operations 
have  been  conducted  at  intervals.  At  Huelgoat  work  was 
done  before  1578.  At  PouUaouen  operations  commenced  in 
1729,  and  over  1000  menjwere  employed  in  1760.  The  mines 
of  the  Vosges  were  worked  in  1581  and  in  the  last  half  of  the 
eighteenth  century.  During  the  latter  period  mining  was  in 
progress  in  a  number  of^other  districts,  and  also  in  the  Alps. 

''The  metal  was  used  in  France  for  the  ordinary  purposes 
already  enumerated,  and,  during  the  Middle  Ages,  it  was 
employed  in  coins,  in  vessels  and  utensils,  and  for  small 
sacred  images. 

**  Spain. — ^The  remarkable  lead  deposits  of  Spain  were  well- 
known  to  the  ancients,  having  been  worked  by  the  PhcBuicians, 
Carthaginians  and  Romans.  Spain  then  ranked  among  the 
foremost  mining  countries.  Under  the  Moors  mining  also 
flourished,  but  declined  after  their  expulsion  and  the  discovery 
of  America  in  |1492.  Active  work  on  the  Linares  deposits 
began,  however,  during'the  last  half  of  the  sixteenth  century, 
and  has  continued  ever  since.  From  the  beginning  of  the 
sixteenth  century  to  1825,  comparatively  but  small  quantities  of 
ore  were  produced.  In  that  year,  however,  the  mining  lands 
were  practically  ^thrown  open  to  exploitation  of  all,  by  royal 
decree.  The  production  of  lead  ore  then  grew  immediately 
to  great  volume.  The  mines  of  the  Sierra  Gador  and  Sierra 
Lujar  were  particularly  productive,  these  yielding  in  1827 
nearly  47,000  tons  of  lead.  In  1839  the  deposits  of  Sierra 
Almagrera  were  discovered.  Deposits  in  Portugal  were  also 
worked  from  very  early  dates. 
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Zinc  in  Europe. 

''  We  have  already  noted  that  zinc  ore  was  used  before  the 
Christian  era  in  the  manufacture  of  brass  and  bronzes,  and 
it  was  found  in  coins.  Its  use  in  this  way  continued  for 
many  centuries  without  the  metal  being  discovered.  Copper 
ores  containing  zinc  were  the  first  used,  the  brass  being  made 
directly.  Later,  after  the  discovery  of  zinc  ore,  the  copper 
was  produced  first  and  the  zinc  ore  was  added  to  convert  it 
into  brass. 

''The  ore  was  generally  the  carbonate,  known  commercially 
in  Europe,  together  with  silicate,  as  calamine.  It  was  called 
cadmia,  * 

''Calamine  was  obtained  before  the  Christian  era  from  the 
island  of  Cyprus.  In  Belgium  ancient  documents  relate  that 
calamine  was  raised  near  Moresnet  at  the  beginning  of  the 
seventh  century,  but  they  are  of  doubtful  authenticity.  There 
are  reasons  for  believing  that  the  development  for  calamine 
of  the  Vieille  Montague  deposits  began  about  the  twelfth 
century  with  the  manufacture  of  brass.  In  1436  the  grant 
of  concessions  is  recorded.® 

' '  In  Great  Britain  the  earliest  traces  of  brass  are  in  the 
medieval  monuments.  Here,  as  elsewhere  in  Europe,  a 
prominent  use  was  in  memorial  tablets,  known  as  sepulchral 
brasses.  It  was  highly  valuable  for  many  purposes,  and 
under  Henry  VIII,  an  act  was  passed  prohibiting  the  export 
of  brass,  which  was  not  withdrawn  for  nearly  300  years. 
Under  Queen  Elizabeth  a  patent  was  granted  for  using  cala- 
mine in  the  manufacture  of  brass.  In  1721,  30,000  persons 
were  employed  in  brass  founding  in  England.  Profitable 
brass  works  were  conducted  in  the  Harz  during  the  sixteenth 
century,  but  not  until  the  end  of  the  sixteenth  century  was 
the  idea  advanced  by  Kunkel  that  brass  was  an  alloy. 

"White  vitriol,  or  sulphate  of  zinc,  was  first  manufactured 
in  1570.  It  was  used  for  dressing  leather  and  for  medicinal 
purposes. 

6.  The  word  cadmia.  according  to  Beckmann  (11-vol.  ii.  p.  33).  signified  any  mineral  abound- 
ing in  zinc,  as  well  as  any  ore  including:  the  natural  calamine.  The  furnace  —  calamine  —  was  alao 
flriven  this  name. 

6.  Sincay.  M.  St.  Paul  de :  The  Bffanufacture  of  Zinc  in  Belgium.  Eng.  and  Min.  Jour.,  voL 
XXVI.  pp.  95-98. 
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"The  discovery  and  the  first  mention  of  the  metal  zinc  was 
by  a  Dominican  monk,  Albertus  Magnus,  in  the  thirteenth 
century.  He  also  first  described  the  use  of  furnace  calamine 
in  making  brass.  Probably  in  this  furnace  product  at  Goslar 
he  found  the  metal.  He  called  it  marchaaita  aurea.  Para- 
celsus, who  died  in  1541,  first  described  it  definitely.  His 
description,  as  given  by  Beckmann,  is  as  follows  :^ 

''As  late  as  1617  the  metal  remained  an  accidental  product 
of  the  Goslar  furnaces,  much  sought  after  by  alchemists. 
Its  exact  nature  continued  more  or  less  doubtful  throughout 
the  seventeenth  century ;  it  was  often  confounded  with  bis- 
muth. Up  to  the  eighteenth  century  all  that  was  used  com- 
mercially was  imported  from  the  East,  where  it  was  distilled 
by  a  special  process  called  per  descensum.  Large  quantities 
continued  to  come  from  there  as  late  as  1760.  The  exact 
source  is  not  known,  but  the  principal  contributing  countries 
were  apparently  China,  Bengal,  Malacca  and  the  Malabar 
coast.  The  eastern  metal  was  probably  introduced  into 
Europe  before  the  beginning  of  the  seventeenth  century,  and 
was  doubtless  discovered  in  India  before  the  European  metal 
was  known.  It  was  Indian  zinc  that  Labavius  investigated 
the  properties  of  in  1597. 

''The  first  in  Europe  who  intentionally  procured  the  metal 
from  calamine  was  Kunkel,  probably  about  1720.  He  gave 
a  partial  account  of  the  process  in  1741,  after  learning  of  its 
production  in  England.  Dr.  Isaac  Lawson  of  England  ap- 
parently made  a  similar  discovery  shortly  after.® 

"  In  1742  Von  Swab  experimented  in  Dalecarlia  on  the  pro- 
duction of  zinc  by  the  distillation  of  roasted  blende  and  coal. 
It  proved  too  costly,  however.  In  1746  Margraaf  made  fur- 
ther attempts.  Cronstedt  and  Rinraann  finally  perfected  the 
process  known  as  per  ascensum^  or  the  Silesian  method.^ 

"The  beginning  of  the  industry  in  England  followed  the 

7.  Beckmann.  John :  A  History  of  Inventions.  Discoveries  and  Ori^rins,  vol.  11,  p.  41 : 

"There  is  another  metal,  zinc,  which  is  generally  unknown.  It  is  a  distinct  metal,  of  a  dif- 
ferent oriffin.  though  adulterated  with  many  other  metals.  It  can  be  melted,  for  it  consists  of 
three  fluid  principles,  but  it  is  not  malleable.  In  its  color  it  is  unlike  all  others,  and  does  not 
grow  in  the  same  manner ;  but  with  its  tdHma  materia  I  am  as  yet  unacquainted,  for  it  is  almost 
as  stranare  in  its  properties  as  argentum  vivum.  It  admits  of  no  mixture,  will  not  bear  the  fcUh- 
rieationea  of  other  metals,  but  keeps  itself  entirely  to  itself." 

8.  Hunt,  Robert :  British  Mininsr  —  A  Treatise  on  the  History.  Discovery,  Practical  Develop- 
ments and  FSiture  Prospects  of  Metalliferous  Mines  in  the  United  Kingdom,  p.  132. 

9.  Sabatier,  M.  P.:  Zinc.  Cadmium  et  Thallium,  pp.  436,  Paris.  1885.  Encyclopedic  Chemique. 
publice  aous  la  direction  de  M.  Fremy. 
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visit  of  an  Englishman  (probably  Doctor  Lawson)  to  China 
to  discover  the  process  there.  As  a  result,  works  were  estab- 
lished at  Bristol  in  1743. 

**The  first  continental  zinc  works  appear  to  have  been  es- 
tablished in  Silesia  about  1798.  Early  in  the  present  century 
the  Abbe  Dony  began  to  experiment  in  the  methods  of  reduc- 
tion, which  resulted  in  the  Belgium  process.  He  applied  for 
a  patent  in  1809,  and  established  the  first  zinc  works  of  Bel- 
gium at  Liege.  These  were  later  developed  by  Dominique 
Mosselman,  and  have  since  grown  to  their  present  dimen- 
sions. Not  until  about  1820  did  the  manufacture  of  zinc  in 
Europe  begin  to  be  a  well  established  industry. 

Oceanica. 

''Lead  mining  in  Australia,  of  which  we  have  any  records 
does  not  go  back  over  40  years.  No  zinc  ore  is  mined  or 
known  to  occur  there  in  quantity. 

South  America. 

*'The  silver  mines  of  Peru  were  worked  probably  at  an 
early  date.  Certain  it  is  that  before  the  conquest,  in  1533, 
they  were  sources  of  precious  metals  to  the  native  Peruvians. 
They  also  knew  lead — articles  of  this  metal  having  been 
found  in  the  ancient  graves.  The  mines  were  worked  by  the 
Portuguese,  and  assumed  large  dimensions  after  1630.  In 
Bolivia  the  silver  mines  were  discovered  in  1545,  and  were 
worked  on  a  large  scale  from  then  into  the  seventeenth  cen- 
tury. Mining  in  Chili  is  of  later  date,  probably  beginning 
in  the  eighteenth  century. 

North  America. 

^^ Mexico, — The  oldest  mining  in  North  America  was  in 
Mexico.  The  Astecs,  before  the  conquest,  worked  the  silver 
and  lead  deposits  along  with  others.  Lead  was  obtained 
from  mines  near  Tasco.  The  Spaniards  opened  mines  from 
1520  on,  but  the  most  active  period  was  after  1700.  Work 
was  begun  on  the  Zacatecas  deposits  in  1548.  They  were 
important  producers  of  silver  and  lead.  The  Guanajuato  de- 
posits were  opened  in  1559.     The  massive  deposits  of  Sonora 
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and  Chihuahua  are  of  quite  recent  discovery.  After  the  ex- 
pulsion of  the  Spaniards  in  1821,  foreigners  were  allowed  to 
enter,  since  which  time  English  and,  later,  American  capital 
have  done  much  to  develop  the  mines. 

'*In  Honduras  mining  was  in  progress  over  200  years. 

•*In  Canada  the  discovery  of  lead  ores  is  of  very  recent 

years,  and  nothing  of  historic  interest  is  to  be  recorded.  Of 
zinc  there  is  nothing  to  be  said. 

THE    UNITED    STATES. 

**Lead  Mining. — The  earliest  discoveries  of  the  United 
States  appear  to  have  been  in  Virginia,  near  Jamestown. 
Here,  John  Berkeley,  who  was  in  charge  of  a  pioneer  iron 
furnace,  discovered  a  small  vein  of  galena  which  he  worked  for 
bullets  and  shot.  The  same  deposit  was  subsequently  worked 
by  a  Colonel  Boyd.  The  Wythe  county  deposits  of  the  eastern 
part  of  the  state  were  not  discovered  until  1750,  by  a  Colonel 
Chiswell,  a  British  oflBcer.  Development  was  begun  at  once, 
and  with  interruptions  during  various  periods,  has  continued 
till  the  present  time. 

**The  Washington  mine  in  North  Carolina  was  discov- 
ered in  1836,  and  has  been  worked  continually  since,  to  re- 
cent times. 

**In  Maryland  some  little  lead  mining  was  prosecuted  near 
Unionville,  prior  to  the  revolution.  In  other  Southern  states 
little  has  been  done. 

*'In  Pennsylvania  the  existence  of  metalliferous  deposits 
was  known  at  the  time  of  the  Swedish  settlement  in  1640,^° 
and  probably  included  the  Chester  county  lead  ores.  Lead 
mining  in  Huntington  county  was  of  early  date,  and  was 
possibly  prosecuted  by  the  French.  The  Blair  county  de- 
posits were  discovered  and  worked  during  the  revolution,  in 
1778,  and  again  in  1795.  The  principal  operations,  however, 
were  between  the  years  1864  and  1870.  Those  of  Lancaster 
county  were  first  known  in  1845,  but  extensive  work  was  not 
begun  until  1873 ;  those  of  Northumberland  were  discovered 
about  1850,  though  not  worked  until  1882.  Recorded  mining 
of  the  Chester  county  ores  began  in  1850. 

10.  Pulsifer,  Wm.  H.:  Notes  for  a  History  of  Lead  and  an  Inquiry  into  the  Development  of 
the  lianufacture  of  White  Lead  and  Lead  Oxides.    New  York,  1888,  p.  75. 
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"In  New  York,  Governor  Crosby  announced  a  discovery  of 
lead  ore  in  1734.  A  vein  of  argentiferous  galena  was  worked 
at  Ancram,  in  Colunsbia  county,  before  1740,  and  quite  ex- 
tensively afterward.  A  band  of  German  miners  opened  a 
vein  about  the  same  time  in  Duchess  county.  In  Ulster 
county  the  Ellenville  mine  was  opened  in  1820,  and  was 
worked  during  a  number  of  years  afterward,  as  well  as  other 
deposits  in  the  same  county.  The  Rossie  mine  of  St.  Law- 
rence county  dates  from  1825,  and  was  worked  during  the 
immediately  succeeding  years,  and  again  about  1852.  In 
Sullivan  county,  the  Shawangunk  or  Montgomery  zinc  mines 
started  in  1837,  but,  after  a  few  years  of  operation,  were 
abandoned  until  1852.  During  the  past  40  years  little  lead 
mining  has  been  done  in  the  state. 

"The  Connecticut  lead  deposits,  near  Middletown,  were 
apparently  known  early  in  the  seventeenth  century,  and  were 
probably  worked  by  John  Winthrop  about  1650."  They  had 
certainly  been  mined  before  the  revolution. 

"In  Massachusetts,  the  existence  of  lead  ore  was  reported 
as  early  as  1632,^-  but  the  first  notice  of  mining  was  in  1765, 
at  Southampton,  about  ten  years  after  the  discovery  of  the 
deposits  there.  At  Worcester,  ore  was  dug  about  the  same 
time.  Operations  at  Southampton  were  resumed  in  1809, 
and  continued  20  years  by  one  miner ;  in  1850  a  little  ad- 
ditional work  was  done.  The  Northampton  vein  was 
worked  a  little  during  1854.  The  Newburyport  deposit  was 
not  discovered  until  1874. 

"The  New  Hampshire  deposits  at  Eaton  were  discovered 
in  1826,  and  were  worked  at  intervals  during  the  next  30 
years.  The  Shelburn  mines  were  operated  between  the  years 
1846  and  1849. 

"In  Maine,  the  Lubec  mines  were  opened  in  1832,  and 
small  quantities  of  ore  were  produced.  These  and  other 
New  England  deposits  have  dropped  out  of  notice  during  the 
last  50  years,  with  the  development  of  the  richer  and  much 
more  extensive  ore  bodies  of  the  Mississippi  valley  and  of  the 

11.  Pulsifer,  Wm.  H.:  See  note  10. 

12.  Bishop,  J.  L.,  M.  D.:  History  of  American  Manufactures,  vol  I,  p.  493. 
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western  country.  Their  principal  interest  lies  in  their  isola- 
tion and  historic  associations. 

"In  the  Mississippi  valley  the  earliest  report  of  the  dis- 
covery of  lead  ore  is  that  of  Nicolos  Perrot^'  in  1692,  in  Wis- 
consin,  but  this  is  of  doubtful  reliability.  Certain  it  is, 
however,  that  LeSueur  found  the  metal  in  both  the  lower  and 
upper  Mississippi  areas  in  his  expedition  of  1701. 

"The  development  of  the  extensive  Missouri  deposits  much 
preceded  that  of  Iowa  and  Wisconsin.  It  began  about  1720, 
at  Mine  La  Motte  and  other  localities.  It  continued  from 
then  uninterruptedly  to  the  present  time,  increasing  almost 
constantly  in  magnitude,  though  there  were  a  few  periods  of 
partial  interruption.  The  western  Missouri  ore  bodies  were 
hardly  known  before  1850,  and  they  were  not  extensively 
opened  until  about  1870  ;  since  then  their  yield  has  increased 
enormously. 

"In  the  upper  Mississippi  area,  nothing  seems  to  have 
been  done  until  near  the  last  decade  of  the  eighteenth  century. 
In  1766,  John  Carver  found  lead  at  Blue  Mound.  *  About  1788, 
Julian  Dubuque  began  mining  at  Dubuque,  and  continued 
until  1810.  After  this,  little  was  done  until  the  occupation 
of  the  country  by  Americans  in  1821.  Then  the  development 
of  lead  mining  over  the  whole  upper  Mississippi  area  became 
rapid,  and  the  industry  assumed  large  dimensions  between 
the  years  1840  and  1850.  Since  that  time  it  has  been  com- 
paratively small. 

"  In  southern  Illinois  the  Massac  and  Hardin  county  de- 
posits were  opened  before  1821.  The  Rosiclare  mine  was 
discovered  in  1839  and  worked  about  1842.  Operations  in 
the  adjoining  counties  of  Kentucky  were  principally  between 
the  years  1865  and  1875. 

"In  Kansas,  Swallow"  refers  in  1866  to  a  little  lead  ore 
found  in  Miami  and  Linn  counties.  Attempts  had  been 
made  to  mine  it  before  then.  The  only  important  deposits, 
in  Cherokee  county,  were  not  discovered  until  1876. 

"In  Arkansas,  lead  and  zinc  ores  have  been  known  for  fifty 
years.     Only  desultory  mining  has  been  done. 

18.  Irvinsr,  R.  D.,  Ph.  D.:  The  Mineral  Resources  of  Wisconsin,  p.  496. 

14.  Swallow,  G.  C:  Preliminary  Report  of  the  Geological  Survey  of  Kansas.  LawreneCb 
1866,  p.  58. 
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**The  great  lead-ore  bodies  of  the  far  West  are  of  com- 
paratively recent  development,  none  being  generally  known 
forty  years  ago. 

''In  Utah,  the  Mormons  claim  to  have  mined  the  silver-lead 
ores  of  Beaver  county  in  1861 ;  those  of  Bingham  canon  were 
opened  in  1863.  The  deposits  of  the  Cottonwood  district,  in- 
cluding the  Emma,  were  discovered  in  1864  ;  the  Emma  mine 
was  not  opened  until  1870,  however,  and  was  abandoned  in 
1875.  The  Horn  Silver  deposit  was  discovered  in  the  latter 
year. 

**In  Nevada,  the  Lander  county  deposits  were  discovered  as 
early  as  1862 ;  the  Eureka  deposits  soon  after,  in  1864,  but 
their  value  was  not  determined  until  1870.  Those  of  Lincoln 
county  were  also  discovered  in  1864,  of  Esmerelda  county  in 
1867,  and  of  the  White  River  district  in  1869. 

**In  Montana,  the  argentiferous  galena  of  Jefferson  county 
was  known  before  1865,  and  smelters  were  soon  after 
erected.  Because  of  diflBculties  of  transportation,  however, 
ranch  ore  was  not  smelted  for  some  ten  years. 

**The  Colorado  lead  and  silver  deposits  at  Georgetown 
were  worked  in  1866,  but  the  great  carbonate  deposits  at 
Leadville  were  not  discovered  until  1874,  and  mining  was 
not  well  under  way  there  until  1876.  The  Aspen  deposits 
were  developed  about  1882. 

*'In  Idaho,  argentiferous  galena  was  discovered  near  Idaho 
City  as  early  as  1867,  the  South  Mountain  deposits  about 
1871,  the  Wood  river  in  1873,  and  the  Cceur  d'Alene  within 
the  past  ten  years. 

**In  South  Dakota,  most  of  the  little  lead  mining  done  has 
been  during  the  last  decade. 

**ZiNC  Mining. — The  association  of  zinc  ores  with  the 
lead  ores  of  many  of  the  deposits  of  the  United  States,  both 
in  the  East  and  the  West,  led  necessarily  to  this  mining 
along  with  the  latter  ores.  To  the  majority  of  miners  zinc 
compounds  were  probably  unknown  and  hence  not  recog- 
nized. It  is  probable,  however,  that  tlieir  existence  in  the 
country  was  known  before  the  beginning  of  the  present  cen- 
tury.    The  earliest  reference  to  such  ore  in  the  Mississippi 
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valley  is  ia  1810 ;  the  New  Jersey  franklinite  deposits  were 
discovered  in  1820  by  Doctor  Fowler.^* 

''Zinc  was  first  manufactured  in  the  United  States  in  1838. 
This  was  at  the  arsenal  at  Washington.  The  ore  used  was 
the  red  oxide  from  New  Jersey.  The  process  proved  very 
expensive,  and  nothing  further  was  done. 

*'The  New  Jersey  Zinc  Company  was  organized  in  1848, 
with  works  at  Newark.  Numerous  attempts  had  been  made 
to  utilize  the  Sterling  Hill  ores,  but  none  were  successful  be- 
fore this.  The  Belgian  method  was  first  adopted,  but  was 
not  a  success,  because  of  the  corrosive  action  of  the  oxide  of  iron 
in  the  ores  upon  the  retorts.  This  failing,  the  manufacture 
of  zinc-white  was  perfected  and  continued  uninterruptedly. 

"The  Saucon  Valley  deposits  in  Pennsylvania  were  dis- 
covered in  1845.  In  1853  the  whole  property  was  acquired 
possession  of  by  the  Pennsylvania  and  Lehigh  Zinc  Company, 
and  zinc-white  furnaces  were  erected  at  Bethlehem  under 
the  direction  of  Samuel  Wetherell.  In  1856  experiments 
were  conducted  at  these  works  by  Matthiessen  &  Hegeler  for 
the  reduction  of  the  ores  by  the  Silesian  method,  but  this 
failed  also.  Wetherell  then  experimented  with  open  fur- 
naces, drawing  the  vapors  through  beds  of  incandescent 
anthracite ;  Joseph  Wharton  tried  a  similar  process  at  Cam- 
den, N.  J.,  but  both  undertakings  failed.  Wetherell  finally 
returned  to  the  use  of  the  upright  retorts,  and  was  able  to 
prepare  them  of  sufficiently  refractory  materials.  The  Le- 
high Zinc  Company  then  returned  to  the  Belgian  furnace, 
and  the  Bethlehem  works  were  erected  in  1860.  After  that 
date  works  were  built  at  Newark,  N.  J.,  Bergen  Point  and 
Trenton. 

•'Small  zinc  works  have  been  erected  at  Constable  Point, 
in  New  York,  and  near  Ansonia,  in  Connecticut. ^* 

*'The  Blair  county  (Pennsylvania)  zinc  deposits  were  oper- 
ated between  1864  and  1870,  and  those  of  Lancaster  and 
Northumberland  counties  later.  Works  were  erected  in 
Lancaster  county  and  at  Birmingham  in  that  state. 

16.  Brackenridfire.  H.  M..  jr. :  Views  of  Louisiana,  together  with  a  Journal  of  a  Voyasre  up 
the  Missouri  River  in  1811.    Pittsbursr.  1814.  p.  146. 

16.  Beco,  Jean :  De  V  Etat  Actuel  des  Industries  du  Zinc  et  du  Cuivre  aux  Etats  Unis  d' 
Amerique.    (  Revue  Universelle  des  Mines ).  Paris,  1878. 
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**The  Wythe  county  zinc  ores  of  Virginia  were  not  utilized 
until  after  the  war.  Furnaces  have  been  built  here  and  also 
at  Knoxville,  Tenn.,  in  recent  years,  for  the  reduction  of  the 
home  ores. 

''  In  the  Mississippi  valley  the  beginning  of  the  zinc  indus- 
try was  with  the  erection  of  the  works  at  Mineral  Point  and 
at  La  Salle,  111.,  by  the  Matthiessen  &  Hegeler  Zinc  Com- 
pany in  1860.     Those  at  Peru  were  built  later. 

**In  Missouri  zinc  was  not  manufactured  until  1867,  when 
a  small  plant  was  erected  at  Potosi.  The  Martindale  zinc 
works  at  Carondelet  were  established  in  1869.  Following 
closely  upon  these  were  established  at  the  same  place  suc- 
cessively the  works  of  the  Missouri  Zinc  Company  and  of 
the  Carondelet  Zinc  Company ;  at  St.  Louis,  those  of  Page 
&  Krause  and  the  Washington  furnace ;  and  in  Washing- 
ton county,  the  Hopewell  furnace.  The  great  zinc  de- 
posits of  Jasper  and  Newton  counties  were  not  drawn  upon 
until  1871.  These  ores  were  first  shipped  to  La  Salle,  but,  in 
1873,  the  Weir  City,  Kan.,  works  were  built,  and  others  at 
Pittsburg  in  1878.  The,  Joplin  and  other  Missouri  works 
were  not  built  until  after  1883.'' 

Discoveries  in  Missouri. 

The  above  somewhat  lengthy  quotation  from  Winslow  gives 
a  brief  but  interesting  outline  of  the  discovery  of  lead  ores 
and  zinc  ores  throughout  the  entire  world.  Discoveries  in 
Kansas  have  grown  out  of  mining  operations  in  Missouri  to 
such  an  extent  that  a  bird's-eye  view  of  the  history  of  the 
latter  may  be  given. 

It  seems  that  in  the  year  1700,  when  the  exploring  party 
under  LeSueur  made  their  trip  northward  by  the  Mississippi 
river  from  New  Orleans,  they  discovered  lead  ore  in  Missouri, 
and  later  in  the  season  made  the  first  general  discovery  of 
ore  in  southwest  Wisconsin.  The  Missouri  discoveries  were 
so  promising  that  in  1712  King  Louis  XIV  issued  the  Crozat 
patents  for  the  operation  of  mines  in  the  then  territory  of 
Louisiana.  Five  years  later,  in  1717,  patents  were  trans- 
ferred to  **The  Company  of  the  West,"  or,  the  ** Mississippi 
Company,"  a  large  company  organized  by  a  man  by  the  name  of 
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John  Law.  Few  historical  events  connected  with  the  develop- 
ment of  the  lower  Mississippi  were  more  important  than 
those  growing  out  of  the  organization  of  this  company. 

About  two  years  later  mining  was  begun  under  the  direc- 
tion of  Sieur  De  Lochon.  Schoolcraft^^  is  authority  for  the 
statement  that  in  1719  Philip  Francis  Renault,  a  son  of  an 
iron  founder,  was  made  director  general  of  the  Mississippi 
Company  and  came  to  America  to  operate  the  mines.  He 
brought  with  him  200  artisans  and  miners  and  a  miner- 
alogist by  the  name  of  La  Motte.  At  San  Domingo  they  took 
on  500  slaves  for  work  in  the  mines,  which  probably  was  the 
first  introduction  of  slaves  into  this  part  of  the  world.  The 
famous  Mine  La  Motte  takes  its  name  from  this  mineralogist. 

Renault  sent  out  exploration  parties  far  and  wide,  and  a 
great  many  of  the  discoveries  in  Missouri  were  made  within 
the  next  few  years  by  his  exploring  parties.  In  1723  land 
grants  were  made  to  him,  the  one  covering  Mine  La  Motte  be- 
ing approximately  five  by  ten  miles  in  extent.  The  Missis- 
sippi Company  subsequently  failed,  and  its  charter  reverted 
to  the  crown  in  1731.  It  was  a  gigantic  company,  organized 
by  law,  and  conducted  on  a  mammoth  scale,  rivaling  in  this 
respect  many  of  the  modern  corporations.  A  bank  was 
started  by  it  which,  it  is  reported,  had  in  circulation  at  the 
time  of  its  failure  200  million  dollars  of  worthless  notes. 

Prospecting  and  mining  operations  were  conducted  in  the 
territory  after  Spain  became  its  possessor  in  approximately 
the  same  way,  and  the  second  change  of  ownership,  from 
Spain  to  the  United  States,  likewise  had  little  influence.  In 
1807  Congress  passed  certain  laws  to  make  titles  to  mining 
properties  more  secure,  and  introduced  a  system  of  leases  by 
which  miners  were  supposedly  benefited,  in  that  titles  be- 
came secure. 

The  discovery  of  ore  gradually  worked  westward,  covering 
practically  all  the  southern  part  of  Missouri  which  is  now 
known  to  contain  either  lead  ore  or  zinc  ore  in  paying  quan- 
tities. About  1843  lead  ore  was  discovered  as  far  west  as 
Morgan  and  Benton  counties,  and,  in  1848,  a  William  Tingle 

17.  A  View  of  the  Lead  Mines  in  Missouri,  includinsr  Some  Observations  on  the  Minerakcyt 
Geology.  Antiquitiea,  Soil.  Climate,  Population  and  Productions  of  Missouri  and  Arkansas  and 
other  Sections  of  the  Western  Country.    New  York.  1819.  p.  19. 
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is  reported  to  have  begun  mining  lead  ore  at  a  point  two 
miles  east  of  Joplin,  in  Jasper  county.  A  year  later,  1849, 
Daniel  Campbell  discovered  ore  within  the  present  site  of 
Joplin.  Nothing  of  importance,  however,  was  done  in  the 
way  of  mining  until  some  time  later.  About  1851  mining 
began  in  earnest  at  different  points  in  Jasper  county  along 
Center  creek  and  Turkey  creek.  To  the  south,  in  Newton 
county,  mining  began  about  the  same  time,  and,  for  some 
reason,  progressed  more  rapidly  than  in  Jasper  county. 
These  different  mines  were  producing  so  much  lead  ore  at  the 
time  the  civil  war  began  that  they  became  objects  of  no  little 
importance  to  each  of  the  belligerent  parties,  and  to  a  con- 
siderable degree  were  the  cause  of  much  of  the  fighting  in 
southwestern  Missouri.  It  doubtless  is  true  that  many  peo- 
ple came  across  the  line  into  Kansas,  and  at  least  suspected 
that  the  vicinity  of  Galena  was  lead-bearing.  One  of  the 
Cherokee  Indians,  David  Harland,  who  came  from  North 
Carolina  in  1835,  and  acquired  a  farm  of  320  acres  along 
Shoal  creek,  reported  to  different  citizens  in  later  years  that 
it  was  not  at  all  unusual  to  find  pieces  of  lead  ore  exposed  by 
the  upturning  of  trees  in  storms.  In  fact,  with  the  early 
settlement  of  Cherokee  county,  many  rumors  were  afloat 
about  the  Indians  having  mined  lead  ore  here  and  there  in 
different  places. 

After  the  close  of  the  civil  war  mining  was  prosecuted  with 
great  vigor  throughout  Newton  and  Jasper  counties.  In  1865 
Mr.  Henry  T.  Blow  obtained  certain  leases  at  Granby,  and 
from  this  little  beginning  has  grown  the  strong  and  pros- 
perous Granby  Mining  and  Smelting  Company.  Although  ore 
was  discovered  at  and  near  Joplin  previous  to  1850,  no  min- 
ing of  importance  was  done  there  until  after  a  rediscovery 
was  made  some  twenty  years  later.  In  August,  1870,  Messrs. 
J.  B.  Sargent  and  E.  R.  Moffett  discoverd  lead  ore  in  large 
quantities  within  the  present  city  limits  of  Joplin,  and  dur- 
ing the  same  summer  the  Moon  diggings  were  opened  up  on 
East  Joplin  hill.  The  town  itself  was  begun  in  1871,  when 
Patrick  Murphy  bought  the  land  and  laid  out  the  town,  first 
calling  it  Murphysburg.  The  city  of  Joplin  soon  began  grow- 
ing with  astonishing  rapidity,  and  in  a  few  years  had  reached 


Haworth.]  Historical.  21 

a  size  of  8,000  or  10,000  population,  well  supplied  with  lead 
smelters  and  other  improvements  necessary  for  mining  de- 
velopment.  In  1875  the  Webb  diggings  were  opened,  where 
Webb  City  now  stands,  on  land  belonging  to  a  farmer  by  the 
name  of  Webb,  and  a  year  later  mining  had  progressed  across 
the  creek  eastward  to  the  site  of  Carterville,  on  a  farm  owned 
by  a  Mr.  Carter. 

Discoveries  in  Kansas. 

Galena. —  During  this  period  of  discovery  and  operation 
on  the  very  borders  of  Kansas  many  men  were  thoroughly 
convinced  that  the  ore  deposits  extended  westward  across  the 
state  line.  Small  discoveries  of  lead  ore  frequently  were 
made,  and  some  little  mining  was  attempted  by  private  par- 
ties. In  fact,  as  early  as  1870  a  man  by  the  name  of  Cook 
discovered  zinc  ore  or  ** black-jack"  on  a  piece  of  land  near 
Galena  still  known  as  the  **Cook  forty."  In  1871  a  com- 
pany was  formed  at  Baxter  Springs  for  the  purpose  of  ob- 
taining leases  and  operating  mines.  Large  bodies  of  land 
were  leased  in  the  vicinity  of  Baxter  Springs,  Lowell,  and 
northward  on  both  sides  of  Spring  river.  Mr.  H.  R.  Crowell, 
as  early  as  1872,  made  numerous  examinations  along  Short 
creek  expressly  to  see  if  conditions  seemed  favorable  for  large 
deposits  of  ore. 

A  little  later  quite  an  amount  of  zinc  was  taken  out  at  the 
Cook  forty,  and  sold  to  parties  in  Joplin  who  were  agents  for 
the  Matthiessen  &  Hegeler  Zinc  Smelting  Company,  of  Lasalle, 
111.,  to  which  point  the  ore  was  shipped.  But  in  these  early 
days  zinc  ore  was  not  reckoned  of  any  considerable  im- 
portance, and,  therefore,  its  discovery  attracted  little  attention. 

In  the  spring  of  1876  ore  was  discovered  on  the  farm  of 
Jesse  Harper,  along  Shoal  creek,  at  the  place  afterward  known 
as  Bonanza.  It  is  reported  that  pieces  of  lead  ore  weighing 
two  or  three  pounds  were  uncovered  by  a  plow  in  the  field, 
whereupon  certain  parties  who  had  all  along  suspected  that 
Shoal  creek  valley  might  contain  ore  immediately  began  sink- 
ing a  shaft.  At  a  depth  between  fifteen  and  twenty  feet  the 
first  shaft  revealed  large  quantities  of  valuable  lead  ore. 
As  soon  as  the  discovery  became  known  a  company  of  men 
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from  Baxter  Springs  bought  the  Harper  160  acres  for  |4000. 
Excitement  at  once  became  intense.  Parties  from  Joplin 
reached  Mr.  Harper  the  following  day  and  offered  him 
$10,000  for  the  land,  and  it  looked  for  a  time  as  though  liti- 
gation would  be  necessary  to  settle  the  ownership.  But  upon 
more  deliberation  Mr.  Harper  recognized  that  his  contract 
with  the  first  company  was  binding  ;  so  the  Bonanza  company 
was  immediately  formed,  with  the  following  members: 
Capt.  William  Blood,  H.  R.  Crowell,  Edward  Zellekin,  Maj. 
C.  F.  Larabee,  P.  J.  Pfenning,  Dr.  William  Street,  and  J.  M. 
Cooper.  Mining  operations  were  immediately  started  and 
great  hopes  were  entertained  for  successful  developments. 
But  water  was  found  in  large  quantities  and  expensive  ma- 
chinery was  necessary  for  pumping  it ;  therefore  progress  was 
very  slow.  In  fact,  it  was  soon  considered  that  the  discovery 
was  only  of  minor  importance  and  public  interest  gradually 
decreased. 

The  following  spring,  on  March  21,  1877,  Messrs.  John 
Shew  and  John  McAllen  found  a  large  body  of  lead  ore  just 
south  of  Short  creek,  on  land  belonging  to  a  Mr.  Nichols. 
The  shaft  was  located  just  west  of  the  northern  extension  of 
Main  street  in  Galena,  and  about  midway  between  the  creek 
and  the  boundary  line  between  Galena  and  Empire  City. 
This  place  is  about  a  mile  and  a  half  west  of  the  Missouri 
state  line.  Immediately  news  of  the  discovery  went  far  and 
wide,  like  wild-fire.  No  other  discovery  of  ore  in  the  entire 
Missouri-Kansas  area  ever  attracted  nearly  so  much  interest. 
Within  a  few  days  town  sites  were  surveyed,  mining  lots 
were  mapped,  and  a  promiscuous  population,  which  soon  in- 
creased to  many  thousands,  was  upon  the  grounds.  The 
story  of  the  thrilling  scenes  which  followed  has  been  so  well 
told  by  another,  that  it  is  here  quoted  :  ^* 

** About  this  time  the  news  spread  of  the  discovery  of  ore 
here,  and  it  is  estimated  that  within  thirty  days  at  least 
10,000  people  came  pouring  in  from  all  directions,  in  all  con- 
ceivable kinds  of  vehicles,  some  even  coming,  like  the  maiden 
lady  of  old,  afoot  and  alone.     Some  rude  structures  called 

18.  Stone.  Miss  Irene  G.  (daughter  of  Col.  W.  B.  Stone):  Kansas  Historical  Collections,  voL 
7.  pp.  243-260.  Topeka. 
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houses  were  hurriedly  built,  the  less  fortunate  ones  being 
compelled  to  repose  upon  Mother  Earth  when  darkness  over- 
took them,  with  the  canopy  of  heaven  as  a  sheltering  roof. 
Those  who  did  the  most  lucrative  business  at  first  were  the 
ones  who  could  secure  a  tent  or  a  shack  and  prepare  any  kind 
of  food  to  appease  the  longings  of  the  inner  man. 

"The  scenes  following  the  discovery  of  ore  in  such  rich 
bodies  as  that  at  this  place  have  often  been  described  as  be- 
ing the  most  exciting  of  any  of  the  actual  events  of  human 
life,  and  I  have  been  told  by  those  who  have  been  through 
such  experiences  before  that,  for  intenseness  of  feeling,  with 
some  features  rich  in  comedy,  the  strife  following  the  dis- 
covery of  ore  on  the  Nichols  tract  would  eclipse  anything  be- 
fore written,  and  might  even  cast  a  shadow  on  the  'Arabian 
Nights.' 

*' Just  south  of  the  Nichols  tract,  on  which  the  discovery 
was  made,  was  the  farm  of  Egidius  Moll,  an  old  German  who 
had  eked  out  something  like  half  an  existence  cultivating  a 
few  acres  of  this  very  barren  soil.  Being  the  first  high 
ground  above  the  creek  valley,  it  was  naturally  the  place  for 
the  town  to  be  built ;  accordingly  Mr.  Moll  had  many  appli- ' 
cations  for  his  land.  The  first  to  come  were  two  prospectors 
from  Missouri,  named  Cornwall  and  Johnson,  with  not  more 
than  money  enough  to  pay  their  fare  back  to  Joplin,  who 
represented  themselves  as  capitalists,  and  secured  a  contract 
from  Mr.  Moll  for  the  purchase  of  eighty  acres  in  considera- 
tion of  12500.  Soon  after,  probably  on  the  same  day,  a 
party  headed  by  Dr.  William  Street  and  John  M.  Cooper,  of 
Baxter  Springs,  approached  Mr.  Moll  and  obtained  a  written 
contract  with  him  for  the  sale  of  his  farm  for  $5000.  Next 
came  a  party  from  Missouri,  headed  by  Colonel  Fairbanks,  of 
Joplin,  and  bought  the  property  from  Mr.  Moll  for  the  con- 
sideration of  $10,000.  All  these  purchases  were  entered  into 
in  writing,  but  it  soon  became  known  that  Mr.  Moll  had 
made  more  than  one  bargain,  and  as  each  purchaser  insisted 
upon  his  rights  there  was  a  few  days'  delay  in  locating  the 
town  site. 

"The  first  lead  ore  taken  out  by  Sh6w  and  Mc Allen  was 
secured  by  Mr.  Patrick  Murphy,  of  Joplin,  and  was  hauled 
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to  Joplin  to  be  smelted.  Being  the  first  lead  shipped  from 
the  new  district,  the  occasion  of  moving  it  was  celebrated  by 
securing  the  four  largest  horses  to  be  found,  decorating  the 
team  and  wagon  with  bunting,  flags,  etc.,  in  appropriate 
style. 

''Meantime,  Messrs.  W.  B.  Stone,  Wm.  March,  W.  J.  Lea, 
and  Wm.  Craig,  as  the  Craig  Mining  and  Smelting  Company, 
had  secured  a  lease,  with  option  to  purchase,  from  the  Kansas 
City,  Fort  Scott  &  Gulf  Railroad  Company,  on  the  eighty 
acres  of  land  next  to  the  Moll  tract  on  the  east,  since  become 
famous  as  the  property  of  the  South  Side  Mining  and  Manu- 
facturing Company.  These  gentlemen  conceived  the  idea  of 
taking  advantage  of  the  conflict  over  the  Moll  farm,  and,  as 
soon  as  it  was  dark  enough  so  that  their  movements  would 
not  be  discovered  by  the  opposition,  W.  J.  Lea  left  to  get  the 
county  surveyor,  who  lived  about  twenty  miles  away.  By 
driving  all  night  Mr.  Lea  arrived  with  the  surveyor  before 
daylight,  and  with  the  rising  sun  the  surveying  party  com- 
menced operations.  In  the  meantime,  several  hundred  specu- 
lators had  gathered  for  the  purpose  of  investing  in  town  lots ; 
the  surveyors  were  followed,  and  as  soon  as  the  stakes  were 
driven  around  a  lot  it  was  immediately  sold,  and  a  payment 
of  from  live  to  ten  dollars  made  to  bind  the  bargain.  In  this 
way  more  than  100  lots  were  sold  on  the  first  day,  and  when 
night  came  there  were  more  than  a  dozen  piles  of  lumber  on 
the  ground  ready  for  the  commencement  of  the  buildings  early 
the  next  morning. 

**But  danger  often  makes  friends  of  those  who  were  before 
bitter  enemies,  and  the  result  was  that  sundown  of  the  next 
day  saw  the  parties  holding  the  three  claims  on  the  Moll  tract 
having  a  meeting  in  a  fence  corner,  with  the  result  that  before 
midnight  their  difficulties  weie  compromised,  and  the  next 
morning  the  surveyors  commenced  laying  out  the  Moll  tract. 
For  two  or  three  days  it  was  uncertain  which  tract  would 
win,  as  the  commencement  had  already  been  made  on  the 
first  tract,  but  the  new  consolidated  company,  assuming' the 
name  of  the  Galena  Mining  and  Smelting  Company,  had 
commenced  the  erection  of  some  buildings  for  themselves, 
which  turned  the  tide,  and  not  more  than  half  a  dozen  of  the 
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people  who  had  bought  lots  on  the  first  sale  ever  appeared  to 
pay  the  balance  or  complete  the  purchase.  For  a  time  it 
looked  as  though  Mr.  Stone  and  his  associates  had  lost  a 
great  prize,  and  that  the  others  had  won,  but,  as  the  poet 
says,  "Time  at  last  sets  all  things  even,"  which  was  thor- 
oughly verified  in  this  case.  There  was  some  dispute  as  to 
what  the  town  should  be  named,  some  favoring  Cornwall, 
after  old  Cornish  mines  in  England,  but  it  was  finally  de- 
cided to  call  it  Galena. 

*'Mr.  Patrick  Murphy,  known,  and  very  properly  so,  as 
•The  Wizard  of  the  Lead  and  Zinc  Fields,'  had,  through 
Mr.  S.  M.  Ford,  obtained  a  half-interest  in  the  first-named 
property,  now  belonging  to  the  South  Side  Mining  and  Manu- 
facturing Company.  Mr.  Murphy  declared  from  the  start 
that  it  was  too  bad  to  sell  such  valuable  mining  property  for 
a  few  thousand  dollars  for  residence  purposes,  but  as  he  had 
bound  himself  to  assist  in  making  it  a  town  if  possible  he 
did  so  with  the  good  faith  that  always  characterized  him. 
Looking  back,  however,  after  a  lapse  of  twenty-five  years,  we 
find  that  the  company  which  lost  the  town  site  has  taken 
about  two  and  three  quarter  millions  in  ore  from  the  eighty 
acres,  which  otherwise  would  not  have  produced  over  $20,000  ; 
while  the  Galena  Lead  and  Zinc  Company,  whose  land  proved 
to  be  about  as  rich,  found  that  they  had  sold  for  about  $100 
each  town  lots  which  afterwards  yielded  from  $10,000  to  $40,- 
000  each  in  ore.  It  was  a  case  where  the  winner  lost  and  the 
loser  won. 

"But  the  struggle  for  the  location  of  Galena  was  not  all, 
nor  hardly  half,  of  the  struggle  for  supremacy  which  was  to 
occur.  During  the  period  of  suspense  over  the  Moll  tract, 
Patrick  Murphy,  with  S.  L.  Cheney,  now  of  this  county,  ex- 
Gov.  George  A.  Crawford,  late  of  Colorado,  and  some  others, 
had  purchased  200  acres  of  land  on  the  north  side  of  Short 
creek,  containing  a  high  ridge,  an  ideal  place  for  a  beautiful 
city.  Proximity  to  the  mines  seemed  to  be  the  first  con- 
sideration, and  the  town  of  Empire  City,  which  name  Mr. 
Murphy  and  his  party  selected,  was  immediately  adjoining, 
and  the  main  street  would  have  been  less  than  a  quarter  of 
a  mile  further  from  the  discovery  shaft  than  the  Moll  tract. 
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The  Empire  people  also  had  the  advantage  of  the  knowledge 
and  experience  of  ex-Governor  Crawford  as  a  town  builder 
and  boomer,  and  for  several  months  the  rivalry  between  the 
two  towns  was  intense.  Empire  City  was  altogether  the  most 
beautiful  tract,  and  with  the  advantage  of  its  three  enterpris- 
ing managers  made  substantial  progress,  and  at  one  time  it 
looked  as  though  it  would  win  the  prize,  having,  besides 
these  advantages,  control  of  the  Nichols  tract,  where  the 
mines  were  located. 

''About  this  time  a  post-office  was  thought  of,  and  each 
town  started  to  get  it.  The  town  companies  were  each  try- 
ing hard  for  the  post-office,  believing  that  the  place  which 
secured  it  would  eventually  be  the  town.  As  Galena  seemed 
to  be  making  more  rapid  progress  than  Empire,  the  Empire 
people  asked  Mr.  Leeds  to  get  permission  of  the  government 
to  move  the  Leedsville  post-office,  mentioned  before,  to  the 
mines.  The  department  would  not  grant  the  request,  but 
did  give  him  permission  to  move  to  the  stage  line  between 
Galena  and  Baxter  Springs,  but  that  line  proved  to  be  suffi- 
ciently elastic  to  reach  the  hill  just  in  Empire  City.  In  the 
meantime.  Galena  had  been  awarded  the  post-office  by  the 
government,  and  ordered  to  take  possession  of  the  Leedsville 
post-office.  Mr.  L.  C.  Weldy  was  appointed  postmaster,  and 
when  he  and  others,  among  them  J.  C.  Murdock,  whose  portly 
dimensions  entitled  him  to  almost  anything  he  wanted,  went 
to  Empire  after  the  post-office,  they  were  informed  by  those 
in  possession  that  they  had  better  retire  without  the  office, 
at  the  same  time  displaying  some  specially  fine  specimens 
of  the  gun  family.  In  fact,  the  post-office  could  not  be 
located  exactly,  and  it  may  be  added  that  it  has  never  been 
found  up  to  date.  The  Galena  people  then  went  out  and 
brought  in  the  Chico  post-office  under  their  arms,  and  begati 
doing  business  immediately.  An  adjuster  had  to  be  sent  here 
by  Uncle  Sam,  and,  in  due  course  of  time,  each  place  was 
awarded  a  post-office — Mr.  Weldy  being  appointed  postmas- 
ter for  Galena  June  19,  1877. 

**  Following  the  settlement  of  the  town  sites  of  Galena  and 
Empire  City  came  another  period  of  two  months  of  wild  con- 
fusion.    It  seemed  to  be  a  time  when  there  was  no  other  at- 
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traction  of  the  kind,  and  those  who  had  been  through  the 
California  and  other  discoveries  of  valuable  ores  claimed 
never  to  have  seen  so  large  a  collection  of  the  tough  element 
as  was  gathered  in  this  territory  at  that  time.  The  gambler, 
the  fakir,  the  confidence  man,  the  saloon-keeper  and  the  frail 
woman  were  masters  of  the  situation,  the  'bon  ton'  as  it 
were,  and  nothing  but  the  fear  of  each  other  prevented  ab- 
solute lawlessness  and  the  shedding  of  blood.  But  some  good 
people — some  of  the  salt  of  the  earth — whose  moral  charac- 
ters seemed  to  grow  in  integrity  amid  the  immorality  of  their 
surroundings,  came,  and  became  the  beacon  lights  which 
guided  the  community  over  the  shoals  and  through  the  per- 
ilous rapids  in  safety,  though  only  a  handful  of  men  as  com- 
pared with  the  lawless  element.  Naturally  the  better 
element  went  to  work  at  once  for  the  organization  of  city 
government,  and,  on  June  19,  Col.  J.  R.  Hallowell,  as 
'attorney  for  the  citizens,  electors  and  taxpayers  of  the  town 
of  Galena,'  obtained  an  order  of  incorporation  as  a  city  of 
the  third  class  from  B.  W.  Perkins,  judge  of  the  eleventh 
judicial  district,  at  Oswego,  and  for  an  election  of  officers  to 
be  held  June  30.  The  order  named  Egidius  Moll,  T.  A.  Fair- 
child  and  S.  C.  Minturn  as  judges,  Al.  W.  Mason  and  L.  T. 
Gifford  as  clerks,  and  S.  E.  Webb,  Chas.  Moll  and  W.  L. 
Parker  as  canvassers,  the  election  to  be  held  at  J.  H.  Smith's 
lumber-yard,  and  provided  that  in  the  case  of  death  or  ab- 
sence of  any  of  the  above-named  the  citizens  could  fill  such 
vacancy.  Notice  of  the  incorporation  and  election  was  pub- 
lished in  the  Galena  Miners  and  certificate  of  the  publication 
by  J.  F.  McDowell,  'associate  editor-.'  It  would  seem  that 
one  of  the  judges  appointed  did  not  appear,  and  Mr.  J.  C. 
Murdock  was  elected  in  his  stead ;  also  that  W.  W.  William- 
son served  as  canvasser  in  place  of  S.  E.  Webb. 

"The  first  election  in  a  situation  like  this  furnished  a  les- 
son in  political  ethics  which  one  must  participate  in  to  fully 
appreciate.  Under  the  laws  of  the  state  there  were  probably 
not  half  a  hundred  legal  voters  in  the  camp  or  precinct.  The 
tough  element  claimed  that  no  mining  district  ever  amounted 
to  anything  or  yielded  much  of  value  unless  it  had  been 
ruled  by  rowdyism  at  least  the  first  year,  and,  being  over- 
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whemingly  in  the  majority,  declared  their  intention  of  elect- 
ing the  full  list  of  officers  and  of  running  what  they  termed  a 
'wide-open'  town.  As  soon  as  the  election  proclamation 
was  issued  both  sides  went  actively  to  work  selecting  their 
candidates  and  preparing  for  the  struggle  for  supremacy. 
The  law  and  order  part  of  the  community  selected  the  follow- 
ing as  their  candidates  :  For  mayor,  George  W.  Webb,  formerly 
of  Fort  Scott;  for  police  judge,  A.  W.  McGill,  of  Cherokee 
county;  for  councilmen,  J.  F.  Higgins,  W.  I.  Linn,  R.  E. 
Spencer,  Llewellyn  Thomas,  and  W.  G.  Griffin. 

**The  other  party  selected  one  Beardsley  for  mayor,  but 
the  balance  of  the  ticket  we  are  unable  to  learn.  Beardsley 
was  a  gambler,  and  it  was  understood  that  he  had  served  a 
term  in  the  penitentiary. 

**The  day  and  night  before  the  election  was  a  period  of  in- 
tense excitement.  Both  sides  spent  the  night  arranging 
details  and  disposing  of  their  forces  for  the  coming  day  with 
as  much  care,  and  many  with  as  serious  foreboding,  as  though 
it  were  the  night  before  an  actual  battle  and  no  one  knew 
who,  if  any,  would  be  left  to  tell  the  tale.  It  seemed  that 
the  entire  effort  of  the  rough  crowd  was  concentrated  on 
Galena,  and  it  became  the  battle-ground  of  the  new  district. 
During  the  night  the  *  moralists,'  which  the  other  party 
sneeringly  called  the  order-loving  people,  induced  Mr.  J.  C. 
Murdock,  who  had  been  a  peace  officer  in  Missouri,  and  knew 
the  lawless  element,  to  serve  as  one  of  the  judges  and  receive 
the  votes.  They  also  erected  a  temporary  partition  in  the 
roar  part  of  the  room  by  setting  lumber  upright,  behind  which 
a  dozen  men,  armed  with  rities  and  shotguns,  were  stationed, 
in  readiness  for  any  emergency.  Around  the  building,  also, 
pickets  were  placed,  to  avoid  an  attack  from  the  rear.  When 
the  time  came  for  electing  a  judge  in  the  place  of  one  of  those 
named  in  the  order,  who  failed  to  appear,  candidates  were 
named  by  each  party,  and  Mr.  Murdock  was  elected  by  a 
minority  vote.  Being  an  athlete,  with  the  fear  of  no  man, 
he  immediately  assumed  the  position,  and  it  soon  became 
apparent  that  *in  our  need,  the  hour  had  found  the  man.' 
Several  times  during  the  day  Murdock  stepped  outside  on  the 
challenge  of  some  tough  to  *  fight  it  out,'  but  his  promptness 
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in  responding,  and  the  knowledge  of  the  preparations  in 
the  rear  which  discouraged  the  use  of  firearms,  prevented  any 
serious  conflict.  The  law  and  order  ticket  was  declared 
elected,  and  Galena  started  on  its  career  of  prosperity  and 
good  government,  which  it  has  since  steadily  maintained. 

"The  first  election  in  Empire  City  was  in  striking  contrast 
to  that  in  Galena,  there  being  but  one  ticket  in  the  field. 
The  record  shows  that  the  order  of  incorporation  was  made 
by  Judge  Perkins  June  18,  the  election  to  be  held  June  30, 
at  which  time  the  following  ticket  was  elected  :  Mayor,  Solon 
L.  Cheney  ;  police  judge,  Hugh  McKay  ;  councilmen,  Samuel 
A.  Weir,  Chas.  A.  Spears,  C.  L.  Campbell,  Daniel  Young,  and 
D.  C.  Mills.  At  a  meeting  of  the  council,  July  2,  the  following 
were  appointed:  Attorney,  W.  P.  Bennett;  treasurer,  C.  A. 
Davis;  clerk,  George  S.  Hampton  ;  marshal,  E.  C.Crawford  ; 
street  commissioner,  Maj.  A.  A.  Bloomfield. 

**  Empire,  however,  was  full  of  enterprise,  and  had  for  some 
time  been  preparing  to  celebrate  the  Fourth  of  July  on  a  scale 
commensurate  with  its  ambition,  if  possible,  with  a  barbecue, 
speeches,  and  fireworks.  It  was  a  novel  idea  for  a  city  only 
two  weeks  old,  and  where  two  months  before  there  was  no 
human  habitation,  to  be  the  central  figure  of  a  territory  fifty 
miles  in  diameter,  with  an  attendance  of  at  least  25,000 
people,  in  one  of  the  most  beautiful  natural  groves  in  the 
West,  and  to  listen  to  words  of  wisdom  from  the  lips  of  an 
orator  like  William  Warner,  of  Kansas  City.  But  Kansas  is 
mercurial  and  will  reach  the  stars,  if  they  are  of  the  fixed 
variety,  and  Empire  did  not  stop  there.  It  was  reported  that 
the  census-takers  were  then  at  work,  and  it  is  an  historical 
fact  that  on  the  28th  of  that  month  Gov.  George  T.  Anthony 
issued  a  proclamation  declaring  Empire  City  to  be  a  city  of 
the  second  class,  with  a  population  of  2337. 

''Meantime  the  mining  interests  had  continued  to  increase, 
though  overshadowed  temporarily  by  the  elections.  The 
number  of  paying  shafts  had  increased  to  four,  and  the 
weekly  sale  of  ore  to  about  $3000  in  value,  all  taken  from  an 
area  of  less  than  two  acres  of  land  and  within  fifty  feet  of 
the  surface.  But,  as  many  rich  pockets  of  lead  had  been 
found  in  Missouri  which  proved  to  be  pockets  only,  the  old 
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of  lead  ore.  But  for  every  dollar  obtained  from  the  sale  of 
ore  they  spent  two  or  three  dollars,  and  finally  abandoned 
the  enterprise,  as  all  other  companies  previously  organized 
had  done.  The  old  dump  pile,  when  found  by  white  men, 
it  is  reported,  had  growing  on  its  surface  young  oak  trees 
from  four  to  six  inches  in  diameter,  which  may  imply  a  con- 
siderable antiquity,  as  the  trees  probably  were  at  least  twenty- 
five  years  old,  and  an  equal  amount  of  time  may  have  elapsed 
after  the  mining  operations  closed  before  the  growth  was 
started.  Possibly  some  of  the  early  French  explorers  in  trav- 
eling through  the  country  may  have  lighted  upon  this  par- 
ticular spot  and  have  done  the  mining,  or  possibly  the  Indians 
may  be  entirely  responsible.  In  either  event,  at  present 
there  seems  to  be  no  clue  by  which  correct  information  is  ob- 
tainable. 

In  concluding  this  brief  historical  sketch,  attention  is  in- 
vited to  the  general  effect  the  development  of  these  mines 
has  had  upon  the  community  and  the  state.  For  over  thirty 
years,  ever  since  the  origin  of  Joplin,  there  has  been  a  steady 
influx  of  outside  money,  aggregating  millions  of  dollars  a 
year,  which  has  supported  practically  the  entire  surrounding 
country.  The  money  paid  for  ores  from  the  mines  and 
metals  from  the  smelters  is  all  outside  money,  coming,  in 
most  cases,  entirely  from  outside  the  county  and  principally 
from  outside  the  state,  as  the  real  purchasers  of  the  great 
bulk  of  the  metal,  the  consumers,  live  east  of  the  Mississippi 
river.  This  money  is  paid  for  the  raw  ore  and  metals  fresh 
from  the  smelters,  from  which  places  it  goes  through  the  banks 
to  the  merchants  and  individual  laborers,  a  great  portion  of 
it  reaching  the  produce  farmers  in  surrounding  neighborhoods 
and  those  who  market  grain  and  live  stock.  The  population, 
both  urban  and  rural,  has  been  increased  many  thousands, 
practically  all  of  whom  in  one  way  and  another  subsist  upon 
this  outside  money.  The  great  increase  in  population  has 
been  associated  with  social,  intellectual,  religious  and  po- 
litical activities,  until  the  extent  of  ilie  influence  along  all 
these  lines  has  become  so  great,  and  so  ramifies  all  phases  of 
human  activity  throughout  the  environs  scores  and  even  hun- 
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dreds  of  miles  in  extent,  that  no  one  ever  will  be  able  to  sum- 
marize the  influence  thus  effected  throughout  the  last  thirty 
years,  or  for  the  future.  Could  such  influence  be  blotted  out 
of  history,  a  great  deal  of  that  which  is  good,  as  well  as  a 
portion  of  that  which  is  evil,  would  be  removed  from  the  two 
great  states  of  Kansas  and  Missouri. 


3— viii 


CHAPTER  U, 


LEAD  AND  ZINO  AND  THEIR  NATURAL  OOMPOUNDS. 


Lead. 

METALLIC    LEAD. 

Lead  is  blue-gray  in  color  ;  it  has  a  hardness  of  1.5,  which 
meaDs  that  it  is  very  soft — so  soft  that  it  can  be  cut  easily 
with  a  knife  and  scratched  with  the  finger-nail.  It  is  very 
heavy,  having  a  specific  gravity  of  11.354  to  11.363.  It  is 
easily  malleable  and  can  be  pounded  into  thin  sheets,  but  not 
nearly  so  thin  as  gold,  silver  and  some  other  metals.  It  is 
easily  ductile,  but  not  to  a  high  degree,  and,  therefore,  can- 
not be  drawn  into  a  very  fine  wire.  It  fuses  at  334  deg.  C. 
or  633  deg.  F.,  and  volatilizes  rapidly  at  a  red  heat.  When 
exposed  to  the  air  fresh  surfaces  tarnish  rapidly,  particularly 
in  a  damp  air  and  if  the  lead  has  perceptible  amounts  of  im- 
purities. 

Lead  is  never  pure,  unless  specially  refined,  as  all  its  natu- 
ral compounds  are  more  or  less  impure.  The  common  im- 
purities are  silver,  antimony,  bismuth,  copper,  iron,  nickel, 
arsenic,  with  occasional  traces  of  others.  Further,  smelting 
processes  are  rarely  perfect,  and  generally  leave  traces  of 
sulphur  and  oxygen  in  the  lead. 

Lead  is  used  for  many  purposes,  the  most  common  of 
which  are  given  in  the  scheme  printed  at  top  of  page  35. 

Of  these  uses  the  pigments  consume  fully  half  of  all  the 
lead  produced,  white  lead  alone  consuming  more  than  any 
other  one  use.  Red  lead,  lead  oxide,  is  used  to  a  great  ex- 
tent, but  the  cheaper  red  paint  composed  of  the  red  oxide  of 
iron  relatively  is  increasing  in  use.  The  other  pigments 
have  an  extensive  use  for  fancy  colors,  but  relatively  are  of 
little  importance. 

In    the    metallic   form,  lead   is    used   most  extensively  at 
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Uses  of  Lead 


Metallic. . 


Alloys... . 


(  Sheet  lead. 
^  Lead  piping. 
(  Shot  and  bullets. 


Type  metal. 
Baobitt  metal. 
White  metal. 
Fusible  alloys. 


Compounds   \  Glass . 


Pigments. 


Medicinal 


f  White  lead. 
I  Red  lead. 
\  Chrome  yellow. 
I  Orange  chrome. 
[  Turner's  yellow. 

r  Flint  glass. 
'  Cut  glass. 

Cathedral  glass. 

Artificial  gems. 

Sugar  of  lead  ( lead 
acetate) . 

Lead  nitrate,  lead 
iodide,  lead  stea- 
rate,  lead  oleate. 


present  in  lead  pipes,  large  quantities  of  which  are  used  in 
plumbing  and  in  telephone  cables.  Sheet  lead  is  used  for 
lining  sulphuric  acid  chambers,  iron  tank  cars  for  shipping 
sulphuric  acid,  and  many  kinds  of  boxes  for  packing  various 
goods  whenever  moisture  is  to  be  shut  in  or  out,  or  delicate 
aromas  preserved,  as  in  packing  teas,  cigars,  etc.  It  is  then 
usually  spoken  of  as  **  tin-foil,"  but  for  its  manufacture  an 
unusually  pure  lead  is  required,  as  impurities  generally  make 
the  lead  harder  and  more  or  less  malleable. 

Lead  is  used  to  some  extent  in  almost  all  kinds  of  glass, 
but  particularly  in  the  kinds  named  above.  It  is  usually 
added  in  the  form  of  litharge,  or  yellow  oxide.  Its  use  in 
medicine  is  not  great,  but  on  the  whole  is  quite  important. 

NATURAL   COMPOUNDS    OR    MINERALS    OF    LEAD. 

Native  Lead. — ***Native  lead  is  very  rare,  generally  in 
thin  plates  or  scales ;  found  in  dolomitic  limestone  at  iron 
and  manganese  mines  in  Wermland,  Sweden.  At  the  Harstig 
mines  isometric  crystals  occur,  with  a  small  per  cent,  of  silver 
(less  than  0.3) .  Hartman  regards  the  metal  to  have  ben 
reduced  by  arsenious  acid.  It  has  been  recognized  in  meteor- 
ites.^'    It  is  also  found  in  gold  washings  of  the  Urals,  doubt- 
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fully  in  globules  in  galena  of  Alston  Moor,  England  ;  in  lava 
of  Madeira;  in  Carthagena,  Spain  ;  in  carboniferous  limestone 
near  Bristol  and  at  Ken  mare,  Ireland ;  in  amygdaloid  near 
Weissig ;  in  basaltic  tufa  in  Moravia ;  in  Vera  Cruz  in  lime- 
stone, and  in  Peru.  Recently  its  occurrence  near  Saric, 
Sonora,  Mexico,  has  been  noted  in  thin  scales  and  small  pel- 
lets. In  the  United  States  it  is  found  in  limestone  near 
Saratoga  (?)  ;  at  Breckenridge  and  Gunnison,  Colo. ;  in  the 
Wood  River  district,  Idaho,  and  in  the  gold  placers  of  Mon- 
tana. According  to  Bischof,  when  found  in  cavities  of  vol- 
canic rocks  it  may  have  been  reduced  by  high  temperatures." 
At  Galena  a  trace  of  native  lead  has  been  found  on  the  sur- 
face of  nodules  of  galena  partially  dissolved  by  the  ground 
water,  and  thus  given  a  smooth,  rounded  surface. 

Galena  or  Galenite. — A  sulphide  of  lead,  PbS.  (For 
a  detailed  description  of  this  and  other  lead  minerals  found 
at  Galena  the  reader  is  referred  to  descriptions  of  the  same 
given  in  part  III  of  this  volume.) 

Galena  is  by  far  the  most  abundant  ore  of  lead,  yielding 
probably  much  more  than  nine-tenths  of  all  the  lead  of  com- 
merce. It  is  a  beautiful  and  very  showy  mineral,  occurring 
generally  in  modified  cubes  and  octahedra.  It  cleaves  readily 
in  three  directions  at  right  angles  to  each  other,  like  the  sides 
of  a  cube,  the  fresh  cleavage  faces  having  a  brilliant  metallic 
luster,  shining  almost  like  a  mirror.  Often  in  mining  the 
blast  scatters  myriads  of  the  little  shining  cleavage  particles 
over  the  walls  of  the  mine,  producing  a  very  deceptive  ap- 
pearance, leading  the  unskilled  observer  to  place  a  greatly 
exaggerated  value  on  the  richness  of  the  mine. 

Cerussite. — This  is  a  carbonate  of  lead,  PbCOg,  and  is 
always  a  secondary  mineral  produced  in  one  way  or  another 
by  weathering  processes  acting  on  galena.  Wherever  it  is 
found,  therefore,  the  rocks  and  ore  bodies  have  been  subjected 
to  action  of  rain  waters  fresh  from  the  surface  still  rich  in 
oxygen  and  carbonic  acid  gas  dissolved  from  the  air.  Usu- 
ally it  is  confined  close  to  the  surface,  but  in  exceptional 
cases  where  rain  water  falls  upon  open  ground,  or  steeply  in- 
clined or  broken  strata,  the  weathering  processes  may  be  car- 
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ried  a  few  hundred  feet  under  the  surface.  This  is  the  case 
at  Leadville,  Colo.,  where  was  found  the  most  remarkable 
deposit  of  lead  carbonate  ever  known.  The  original  galena 
from  which  it  was  produced  was  rich  in  silver,  the  greater 
part  of  which  was  retained  in  the  carbonate  ore,  and  hence 
became  a  valuable  silver  ore. 

At  Galena  only  small  patches  of  cerussite  have  been  found, 
and  that  usually  mixed  with  other  secondary  ores,  particu- 
larly lead  sulphate.  In  some  way  it  received  the  name  of 
** dry  bone,''  a  name  indiscriminately  applied  to  lead  car- 
bonate, lead  sulphate,  and  zinc  carbonate,  each  of  which  is 
produced  in  a  similar  manner,  and,  therefore,  they  are  more 
or  less  intimately  associated. 

Anglksitb. — Sulphate  of  lead,  PbS04.  All  statements 
made  regarding  origin  and  mode  of  occurrence  of  cerussite 
likewise  may  be  made  about  anglesite.  It  is  less  abundant 
than  cerussite,  but  is  often  intimately  associated  with  it,  and 
usually  the  miner  and  mine  operator  do  not  discriminate  be- 
tween them. 

These  three  ores  are  the  only  ores  that  have  any  consider- 
able value  as  sources  of  commercial  lead.  The  total  number 
of  compounds  of  lead  is  very  large,  rivaling  the  ores  of  cop- 
per in  number,  either  of  the  two  producing  a  larger  number 
of  minerals  than  any  other  of  the  common  metals,  save  pos- 
sibly iron,  and  many  more  than  iron  does  exclusive  of  the  iron 
silicates.  This  vast  number  of  lead  minerals,  more  than 
seventy-five,  usually  has  no  commercial  value  excepting  as 
museum  specimens,  not  because. they  are  not  rich  in  lead,  but 
because  they  occur  in  such  small  amounts.  Occasionally  a 
pocket  of  some  one  of  them  may  be  found,  particularly  of  the 
oxides,  that  is  sufficient  to  pay  for  mining.  But  it  is  doubt- 
ful if  the  entire  lot  of  them  produces  a  tenth  of  one  per  cent, 
of  the  lead  of  commerce. 
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Zinc. 

METALLIC    ZINC. 

Metallic  zinc  is  a  white  metal,  lustrous  and  opaque,  and 
capable  of  receiving  a  high  polish.  Ordinarily  speaking  it  is 
not  malleable  or  ductile,  but  rather  brittle.  There  is  a  cer- 
tain temperature,  however,  at  which  it  is  both  malleable  and 
ductile,  and  consequently  can  be  rolled  into  thin  sheets,  pro- 
ducing the  sheet  ziac  of  commerce.  If  heated  to  a  tempera- 
ture a  little  higher  it  again  becomes  brittle  and  incapable  of 
treatment  in  rolling  mills.  The  temperature  at  which  it  may 
be  rolled  into  thin  sheets  lies  between  100  and  150  deg.  C. 
At  about  200  deg.  C  it  again  becomes  brittle  and  fuses  at 
410  to  430  deg.  C.  If  the  heat  is  carried  still  higher  it  vola- 
tilizes at  1000  deg.  C.  Its  hardness  is  2  ;  that  is,  it  is  a  little 
harder  than  lead,  and  yet  quite  softer  than  copper.  Its  spe- 
cific gravity  is  7.17.  Zinc  crystallizes  readily  in  the  rhombo- 
hedral  system  and  apparently  also  in  the  regular  system, 
especially  in  some  of  its  alloys. 

Zinc  is  used  for  many  purposes,  the  most  important  of 
which  is  galvanizing  iron  to  protect  the  iron  from  rust.  A 
polished  surface  of  zinc  tarnishes  rapidly  when  exposed  to 
the  air,  by  the  forming  of  zinc  oxide.  This  coating  of  oxide 
soon  forms  a  compact  covering  which  shuts  out  all  air  and 
eCFectively  prevents  further  oxidation.  Zinc  readily  forms 
an  alloy  with  iron.  By  dipping  a  piece  of  iron  into  a  bath 
of  molten  zinc  a  thin  film  of  zinc  is  left  on  the  surface  of  the 
iron.  On  exposure  to  the  weather  the  zinc  film  soon  becomes 
covered  with  a  coating  of  zinc  oxide,  as  above  explained, 
which  protects  the  entire  mass  from  further  weathering. 
Such  a  use  of  zinc  has  become  very  extensive,  and  at  the 
present  time  more  than  half  the  zinc  of  commerce  is  con- 
sumed in  this  way. 

Zinc  is  rolled  into  thin  sheets  and  used  largely  in  that  form 
for  various  purposes,  such  as  metals  to  place  under  stoves  in 
residences  and  business  houses,  to  be  cut  into  fine  shreds  for 
use  in  the  cyanide  process  for  extracting  gold  and  silver,  and 
in  Europe  extensively  for  roofing.  It  is  not  used  for  roofing 
to  any  considerable  extent  in   America,  but   many  people 
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think  its  use  will  soon  become  popular.  It  is  also  used  in 
the  manufacture  of  brass,  bronze,  and  other  alloys,  such  as 
Grerman  silver,  muntz  metal  for  sheathing  ships,  Chinese 
tutenag,  or  whit6  copper,  and  a  few  others.  Brass  is  an  alloy 
of  zinc  and  copper  and  is  quite  variable  in  composition, 
sometimes  having  as  much  as  10  parts  copper  to  1  of  zinc, 
often  4  parts  copper  to  1  of  zinc,  and  in  some  cases  with  a 
ratio  of  20  parts  copper  to  29  of  zinc.  Muntz  metal  varies 
from  a  ratio  of  1 : 1  to  that  of  67  parts  copper  to  1  of  zinc. 
Grerman  silver  is  an  alloy  usually  containing  about  60  parts 
copper,  20  parts  zinc  and  20  parts  nickel. 

The  consumption  of  zinc  for  these  various  uses  is  modified 
slightly  from  year  to  year.  In  1892*^  the  United  States  con- 
sumed approximately  78,040  tons  of  zinc,  divided  as  follows  : 

Tons. 

Galvanizing'^sheet  iron  and  wire 35,000 

Brass  manufacture 20,500 

Sheet  metal 15,500 

Desilverization  of  bullion 3,500 

Monuments,  etc 300 

Miscellaneous.and^unaccounted  for 3,240 

Total 78,040 

For  the  year  1899  the  consumption  of  zinc  in  America,  as 
estimated  by  Dr.  R.  P.  Roth  well,"  was  as  follows : 

Per  cent. 

Galvanizing 50 

Sheet  zinc 20 

Brass  and  other  alloys 15 

Sundries 15 

Compounds  of  zinc  are  also  used  as  pigments,  the  most 
common  being  zinc  oxide,  or  zinc-white.  Zinc  chloride  is 
used  largely  by  tinners  as  a  help  in  soldering  and  zinc  sul- 
phate is  used  to  no  less  extent  in  pharmacy  and  medicine. 

MINERALS    OR   NATURAL   COMPOUNDS   OP    ZINC. 

Sphalerite,  or  Blende. — Zinc  sulphide,  ZnS.  In  Amer- 
ica nearly  all  commercial  zinc  comes  from  this  ore.  Its 
crystallization  and  other  properties  as  a  mineral  are  so  well 
given  by  Doctor  Rogers  in  part  III  of  this  report  that  no 
special  description  need  be  given  here.  When  pure  it  is  com- 
posed of  zinc  sixty-seven  per  cent,  and  sulphur  thirty-three 

20.  Robertson.  J.  D.    Mo.  Geol.  Surv..  vol.  VI,  p.  241.    Jefferson  City,  1894. 

2L  Rothwell.  Dr.  R.  P.    Mineral  Resources  of  Kansas  for  1899,  p.  34.    Lawrence,  1900. 
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per  cent.  However,  it  manifests  a  strong  tendency  to  contain 
iron  sulphide  as  an  impurity.  This  impurity  is  present  in 
such  a  varying  degree  that  it  greatly  modifies  the  color  of  the 
blende.  When  pure,  blende  is  almost  colorless,  or  white, 
but  with  the  presence  of  iron  sulphide  in  the  crystals  the  color 
gradually  grows  darker,  passing  through  a  series  of  yellow, 
amber,  brown  and  black.  These  colors  produced  in  this  way 
have  given  rise  to  such  names  as  ''rosin  jack,"  ''amber 
jack,"  "gray  jack,"  "steel  jack,"  and  "black  jack."  Usu- 
ally a  fair  estimate  of  the  amount  of  iron  present  can  be  made 
from  the  color  of  the  crystal,  the  color  growing  darker  as  the 
proportion  of  iron  increases.  This  results  in  the  production 
of  many  grades  of  ore  entirely  aside  from  the  presence  of 
pyrite  or  marcasite,  "  mundic,"  which  may  have  been  left  in 
the  ore  from  improper  milling  processes.  For  years  ore  buyers 
have  been  fixing  the  price  of  ore  quite  largely  by  the  amount 
of  iron  present  as  shown  by  assay.  With  them  it  is  imma- 
terial whether  the  iron  is  present  as  an  impurity  in  the  crys- 
tals of  zinc  blende  itself,  or  a  fragment  of  pyrite  or  marcasite 
which  milling  did  not  separate.  The  impurities  are  so 
abundant  that  by  common  consent  sixty  per  cent,  ore  is  taken 
as  a  standard. 

Smithsonitk. —  Zinc  carbonate,  ZnCO,.  This  is  a  valua- 
ble ore  of  zinc  when  found  in  suflBcient  quantity.  When 
theoretically  pure  it  contains  52.03  per  cent,  metallic  zinc.  It 
is  a  secondary  ore  always  produced  by  weathering  processes, 
oxidizing  zinc  blende  into  zinc  sulphate,  which  is  soluble. 
Ground  water  containing  the  zinc  sulphate  in  solution  comes 
in  contact  with  limestone,  or  calcium  carbonate,  when  a  re- 
action takes  place  between  the  two,  producing  zinc  carbonate 
and  calcium  sulphate.  In  this  way  occasionally  zinc  carbon- 
ate is  produced  in  large  quantities.  However,  it  is  almost 
unknown  in  the  Kansas  mines  and  never  has  been  found  in 
sufficient  quantity  to  be  of  any  considerable  commercial  im- 
portance. Smithsonite  is  more  abundant  in  the  zinc  fields  of 
northern  Arkansas  than  anywhere  else  in  the  Mississippi 
valley.  In  Europe  it  is  sufficiently  abundant  to  be  an  im- 
portant ore. 
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Calamine.— r Hydrous  zinc  silicate,  Zn^SiO^,  H^O.  Zinc= 
54.2  per  cent.  Calamine  is  a  secondary  product  produced 
by  zinc  sulphide  being  weathered  into  zinc  sulphate,  and 
thereby  rendered  soluble  and  carried  here  and  there  by  the 
ground  water.  In  some  way  it  is  brought  into  contact  with 
silicic  acid  under  conditions  favorable  for  a  reaction  to  take 
place  producing  the  insoluble  zinc  silicate.  It  may  be  de- 
posited immediately  at  the  point  where  the  zinc  exposed  was 
first  rendered  soluble,  or  the  zinc  may  have  been  carried  to  a 
distance  through  the  ground  and  the  calamine  deposited 
where  conditions  were  most  favorable  for  its  precipitation. 
There  are  good  reasons  for  believing  that  in  the  vicinity  of 
Granby  the  formation  of  calamine  is  now  in  progress,  as 
fresh,  bright  crystals  are  found  adhering  to  the  outer  surface 
of  fresh  zinc  blende,  calcite,  flint  rock,  and  in  fact  any  and 
all  kinds  of  material  which  seem  to  have  gotten  in  its  way. 
For  some  reason  calamine  has  been  produced  in  only  exceed- 
ingly limited  quantities  in  Kansas.  Granby  is  the  great 
place  in  the  entire  southwest  area  for  its  production,  although 
marketable  quantities  of  it  are  found  here  and  there  in  differ- 
ent places  in  Missouri. 

These  three  ores — blende,  smithsonite,  and  calamine — are 
the  only  ones  found  in  Kansas,  Missouri  and  Arkansas  which 
contribute  to  the  production  of  metallic  zinc.  In  New  Jersey 
and  a  few  other  places  zincite,  or  red  oxide  of  zinc,  occurs  in 
sufficient  abundance  to  have  a  fair  commercial  value. 

Zinc  is  known  to  the  mineralogist  in  many  additional 
forms,  the  number  of  distinct  minerals  carrying  it  being 
great.  But  these  latter  are  of  no  commercial  importance 
whatever  as  a  source  of  zinc,  and  therefore  are  serviceable 
only  to  the  mineralogist. 


CHAPTER  III. 


OEOOBAPHY  OF  LEAD  AND  ZINO  ORES. 


GENERAL.. 

The  different  portions  of  the  world  producing  lead  and  zinc 
have  been  given  already  in  the  historical  [quotations  from 
Winslow.  To  make  this  more  easily  understood,  the  accom- 
panying map  of  the  world,  plate  I,  is  added,  on  which  the 
locations  of  productive  mines  are  marked  in  red,  as  explained 
in  the  map  legend.  It  will  be  observed  that  while  almost  all 
countries  are  productive,  yet  the  great  bulk  of  production 
comes  from  comparatively  small  areas  in  the  United  States, 
Great  Britain  and  those  parts  of  Europe  directly^connected 
with  the  northern  slope  of  the  Alps  mountains. 

United  States. 

In  the  United  States,  as  shown  on  plate]|II,  lead  and  zinc 
are  pretty  well  distributed.  No  less  than  thirty  states  and 
territories  have  produced  either  lead  or^zinc*in  greater  or  less 
quantities.  They  extend  from  Maine  to  California,  and  from 
Texas  to  Montana.  The  greatest  production  is  in  the  Mis- 
sissippi valley  and  in  the  Rocky  MountainVegion. 

Usually,  the  two  metals  are  associated  in  the  same  district, 
often  in  the  same  immediate  locality,  and  not  unfrequently  in 
the  same  individual  mine. 

Kansas. 

Plate  III  shows  the  different  places  in  Kansas  where  lead 
and  zinc  ores  have  been  found.  It  was  not  attempted  to  give 
a  quantitative  expression  here,  but  rather  to  show  the  wide- 
spread distribution  of  the  areas  throughout  the  eastern  part 
of  the  state.  Commercially  the  ores  are  confined  to  a  very 
small  area  in  Cherokee  county,  and  in  the  extreme  southeast 
corner  of  that.     But  suflBcient  ores  have  been  found  else- 
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where  to  be  of  great  theoretical  importance,  and  to  excite 
people  to  prospecting  in  many  places. 

OUTLYING   TBRRITORIES. 

Discoveries  of  both  lead  ore  and  zinc  ore  have  been  found 
in  small  quantities  in  almost  every  county  throughout  the 
eastern  fourth  of  the  state.  Ore  in  Linn  county,  at  Pleasan- 
ton,  has  already  been  referred  to.  Traces,  or  "shines," 
have  been  found  in  many  places  in  Crawford  county ;  in 
Labette,  Montgomery,  Neosho  and  Wilson  counties;  in 
AUei^  and  Woodson  counties ;  in  ColBFey,  Anderson,  Frank- 
lin, Miami,  Johnson,  Douglas,  Leavenworth,  Jefiferson  and 
Atchison  counties ;  and  a  sufficient  amount  of  zinc  blende 
was  found  in  Osage  county  to  cause  considerable  talk  in  fa- 
vor of  organizing  a  mining  company  to  operate  in  that  county. 
In  Atchison  county  both  lead  ore  and  zinc  ore  occur  associa- 
ted with  coal,  which  for  a  number  of  years  was  mined  south 
of  town  about  two  and  one-half  miles,  on  the  west  bank  of 
the  Missouri  river. 

Sufficient  discoveries  were  made  in  the  northwest  part  of 
Bourbon  county  a  few  years  ago  to  cause  the  organization  of 
a  mining  company  which  leased  thousands  of  acres  of  land 
in  that  vicinity  for  lead-  and  zinc-mining  purposes.  Even  at 
the  present  time,  summer  of  1904,  a  company  is  organized  to 
prospect  for  lead  in  the  vicinity  of  Garnett,  in  Anderson 
<50unty. 

Farther  west  a  small  amount  of  both  ores  has  been  found. 
This  is  particularly  true  throughout  the  Flint  Hills  region,  in 
•eastern  Cowley  and  western  Chautauqua  counties  ;  and  to  the 
northward.  Occasionally  pieces  of  ore  have  been  found  two  or 
three  inches  in  diameter  which  have  excited  interest  in  dif- 
ferent circles,  resulting  in  the  expenditure  of  small  sums  of 
money  in  prospecting.  One  instance  of  this  kind  occurred 
in  the  northwestern  corner  of  Greenwood  county,  where  four 
or  five  different  shafts  were  sunk  to  a  depth  of  twenty  feet  or 
more.  Shines,  likewise,  have  been  found  to  a  less  extent 
farther  west,  in  some  cases  reaching  out  almost  to  the  middle 
of  the  state. 

These  occurrences  of  outlying  small  ore  bodies  are  exceed- 
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ingly  interesting  for  two  or  more  reasons.  One  is  that  to  a 
considerable  extent  they  maintain  a  constant  agitation  of  min- 
ing  here  and  there  in  many  parts  of  the  state  where  there  is 
no  good  reason  for  hoping  to  find  ore  in  paying  quantities. 
In  this  respect  they  do  harm  to  our  citizens,  for  thus  far  no 
one  has  yet  been  able  to  find  a  bed  of  ore  commercially  im- 
portant in  any  of  the  places  mentioned. 

Another  reason  why  such  ore  bodies  are  interesting  is  from 
the  standpoint  of  theories  of  ore  formation.  This  latter  phase 
of  the  subject  will  be  discussed  in  the  proper  place. 

GALENA. 

Returning  now  to  the  vicinity  of  Galena,  where  ores  occur 
in  commercial  quantities,  the  important  geographic  features 
may  be  described  in  a  few  words.  Almost  all  the  ore  thus 
far  mined  came  from  an  area  about  three  miles  square,  bor- 
dered on  the  east  by  the  state  line,  on  the  north  by  the  mid- 
dle lines  of  sections  12,  11,  and  10,  which  constitutes  the 
northern  limit  of  Empire  City,  on  the  west  by  the  middle  line 
of  sections  10,  15,  and  22,  and  on  the  south  by  the  middle 
line  of  sections  27,  26,  and  25.  Within  this  area  a  little  more 
than  half  the  territory  has  been  productive.  Outside  of  it  a 
small  amount  of  mining  has  been  conducted  to  the  south,  ex- 
tending even  across  Shoal  creek.  Good  mining  has  been 
done  almost  entirely  throughout  a  strip  reaching  southwest-^ 
ward  from  the  Mastin  ground  in  section  22  and  down  through 
section  27  by  way  of  the  Stanley  diggings  to  Shoal  creek, 
and  some  mining  beyond  Shoal  creek,  with  occasional  dis- 
coveries reaching  southward  all  the  way  to  the  south  line  of 
the  state  and  beyond.  To  the  southwest  ore  has  been  dis- 
covered as  far  away  as  Baxter  Springs,  although  in  small 
quantities,  with  a  recent  discovery,  1904,  just  south  of  Bax- 
ter Springs,  which  seems  to  be  developing  into  a  productive 
area.  On  the  west  side  of  Spring  river  mining  has  been 
done  to  a  considerable  extent  in  two  or  more  places,  one  in 
the  northeast  quarter  of  section  17,  opposite  Galena,  and  the 
other  along  the  boundary  line  between  sections  8  and  5,  on 
the  west  side  of  Shawnee  creek,  at  the  old  Pitzer  diggings. 
Northwest  of  Empire  City,  nearly  two  miles  along  the  eastern 
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side  of  section  3,  the  Gracie  Clark  mine  has  produced  a  fair 
amount  of  ore. 

The  most  important  outlying  mining  camp  is  about  five 
miles  north  of  Galena  on  the  west  side  of  Spring  river,  in 
sectins  23  and  24,  where  the  property  of  the  Badger  Mining 
and  Milling  Company  is  located.  A  prosperous  mine  was 
opened  up  in  1898,  which  for  years  produced  a  surprisingly 
large  amount  of  high-grade  zinc  ore.  More  recently,  1902, 
quite  a  remarkable  ore  body  was  found.  Opposite  this,  on 
the  east  side  of  Spring  river  near  the  state  line,  zinc  ore  was 
found  almost  immediately  at  the  surface. 

Galena's  Position  in  the  Joplin  Area, 

• 

Galena  is  situated  to  the  southwest  from  Joplin  and  Webb 
City,  the  mining  centers  of  the  Joplin  area.  On  the  United 
States  topographic  map  of  the  Joplin  area  this  is  very  well 
illustrated.  A  straight  line  drawn  from  Galena  to  Carthage 
has  a  position  almost  exactly  two  miles  east  to  one  mile 
north,  which  very  closely  corresponds  to  the  elliptical  pe- 
riphery of  the  Ozark  dome  in  that  place.  Could  we  draw  a 
curved  line  through  Albia,  Carl  Junction,  Pitcherville  and 
Baxter  Springs  it  would  parallel  almost  exactly  the  ellip- 
tical curves  representing  the  northwest  slope  of  the  Ozark 
dome.  These  points  named  represent  respectively  the  north- 
westernmost  outlying  mines  of  the  entire  region.  If,  now, 
we  pass  to  the  southeast  a  distance  of  ten  miles,  and  draw 
another  curved  line  parallel  to  the  first,  it  will  go  just  be- 
yond the  outlying  mining  camps  of  Duenweg  and  Redding's 
mill ;  or,  in  other  words,  this  gently  curved  zone  about  ten 
miles  in  width  will  include  more  than  eighty  per  cent,  of  the 
productive  area  of  the  entire  Joplin  district.  Should  we  ex- 
tend the  zone  a  little  farther  to  the  northeast  beyond  Car- 
thage, having  it  bear  southward  in  conformity  with  the  dome 
curve,  again  it  would  include  almost  eighty  per  cent,  of  the 
entire  productive  region  outside  that  just  given.  This  de- 
scription does  not  include  the  northern  Arkansas-southern 
Missouri  fields  which  lie  to  the  south  of  Springfield.  Should 
we  extend  a  similar  curved  line  to  the  south  and  then  south- 
east around  the  southern  border  of  the  Ozark  dome,  we  would 
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find  that  those  areas  in  turn  lie  in  a  similar  position  in  refer- 
ence to  the  dome. 

Between  Carthage  and  Baxter  Springs,  within  the  ten-mile 
zone  given,  lie  all  the  mines  of  Carthage,  Pleasant  Valley, 
Albia,  with  Neck  just  to  the  northwest,  Oronogo,  Carterville 
and  Webb  City,  Johnstown,  Prosperity,  Duenweg,  Joplin 
and  all  of  its  environs,  such  as  Blendeville,  Chitwood  hollow, 
Leadwood  hollow,  Gordon  Springs  hollow,  and  Roaring  hol- 
low, the  mines  in  the  vicinity  of  Redding's  mill,  Zincville, 
Klondike,  Carl  Junction,  Tuckahoe,  Cave  Springs,  Central 
City,  Jackson  diggings,  all  of  Galena  and  Empire  City,  with 
the  Badger  camp  just  to  the  northwest,  Pitzerville,  and  the 
mines  on  the  east  side  of  Spring  river,  above  named,  and  all 
those  about  Baxter  Springs  and  southward  and  southwest 
into  the  Indian  Territory,  near  the  Kansas  state  line.  Webb 
City  and  Carterville,  and  immediate  environs,  Joplin  and 
Galena,  with  immediate  environs,  are  in  the  middle  part  of 
the  ten-mile  zone.  It  will  thus  be  seen  that,  geographically 
with  reference  to  the  Ozark  zone.  Galena  has  the  same  situa- 
tion practically  with  Joplin  and  Webb  City,  the  three  most 
important  mining  centers  of  the  entire  area.  The  importance 
of  the  geographical  position  will  be  discussed  later  under  the 
subject  of  **Ore  Formations. '* 

Topography, 

The  topography  of  the  Galena  mining  district  is  interesting 
principally  on  account  of  its  similarity  to  other  localities 
within  the  mining  area.  There  is  a  gentle  slope  of  surface 
from  the  east  westward  and  southward.  Spring  river,  at 
Carthage,  has  an  elevation  of  940  feet,  according  to  the  United 
States  topographic  map  of  the  Joplin  district.  Here  it  is 
flowing  considerably  north  of  west,  but  later,  upon  uniting 
with  the  North  Fork,  its  course  is  changed  to  that  of  south- 
west. Immediately  west  of  Galena  it  has  an  elevation  of  800 
feet,  or  a  fall  of  140  feet  in  a  distance  of  twenty-three  miles, 
or  about  six  feet  to  the  mile.  The  distance  by  way  of  the 
river  bed  is  fully  twenty-five  miles  greater.  The  highest  up- 
lands in  the  vicinity  of  Carthage  are  about  1080  feet  above 
sea  level,  with  possibly  a  few  points  reaching  a  little  greater 
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height.  The  hilltops  between  Webb  City  and  Joplin  reach 
1090  feet,  with  1060  feet  for  the  main  uplands.  The  uplands 
east  and  southeast  of  Joplin  have  the  same  elevation,  and  also 
for  about  two  miles  west  of  Joplin.  The  highest  hilltops  in 
the  vicinity  of  Galena  and  Empire  City  are  1000  feet,  south- 
east of  Galena,  with  950  and  900  feet  being  common  around 
Galena,  decreasing  to  850  feet  along  the  bluffs  east  of  Spring 
river.  There  is  a  gradual  slope  westward,  therefore,  of  the 
general  level  of  the  country.  From  a  point  four  miles  east 
of  Joplin,  marked  by  the  1100  contour,  the  distance  straight 
west  to  the  river  bluffs  is  fourteen  miles*  with  the  fall  from 
1100  feet  to  900  feet,  as  the  900  feet  contour  is  found  princi- 
pally at  the  top  of  the  escarpment.  This  gives  an  average 
dip  of  the  surface  throughout  this  distance  of  a  fraction  over 
fourteen  feet  to  the  mile,  which  is  considerably  less  than  the 
average  angle  of  dip  of  the  Mississippian  limestone  as  shown 
by  well  borings  farther  west. 

The  various  streams  have  made  incisions  in  the  surface 
varying  from  100  feet  to  160  feet  in  depth.  Some  of  them 
have  widened  their  flood  plains  suflBciently  to  permit  mean- 
derings  to  begin,  but  others  have  very  narrow  flood  plains. 
Spring  river  at  Carthage  has  one  less  than  a  mile  wide  ;  op- 
posite Galena  the  valley  would  average  a  mile  and  one-half 
in  width.  Center  creek  throughout  the  area  shown  on  the 
topographic  sheet  has  a  flood  plain  rarely  more  than  half  a 
mile  wide.  Turkey  creek  has  a  much  narrower  valley,  rarely 
equaling  half  a  mile  in  width,  while  Short  creek  throughout 
the  greater  part  of  its  course  has  almost  no  flood  plain.  In 
most  cases  the  bluffs  constitute  steep  escarpments  which  are 
lifted  almost  to  the  general  upland  level.  Even  on  a  contour 
map  with  ten-foot  contour  intervals,  the  main  upland  is  rep- 
resented by  contour  lines  quite  a  distance  apart.  Only  in  a 
few  places  on  the  west  side  of  Spring  river  do  we  find  bluffs 
corresponding  to  those  on  the  east.  Such  a  bluff  line  Ib 
noticeable  in  sections  8  and  17,  west  of  Galena,  and  again  in 
the  vicinity  of  Baxter  Springs.  This  absence  of  bluff  lines  is 
due  to  lithologic  conditions,  as  throughout  a  greater  part  of 
the  area  mentioned  the  soft  Coal  Measure  shales  approach 
the  river  on  the  west.     But  at  Baxter  Springs  and  the  other 
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points  named  the  Mississippian  formation  extends  across  the 
river  and,  therefore,  the  river  has  cut  its  channel  into  these 
rocks,  leaving  bluffs  of  equal  height  on  each  side. 

Drainage. 

The  entire  Joplin  mining  area  is  drained  by  the  four 
streams  already  named  and  their  tributaries.  These  four 
streams  are  approximately  parallel  and  are,  from  the  north, 
Spring  river,  Center  creek,  Turkey  creek,  and  Shoal  creek. 
As  early  as  1884  the  writer  called  attention  to  the  great  simi- 
larity between  these  streams  in  direction  and  character,  and 
suggested  that  the  proper  recognition  would  be  to  consider 
Spring  river  and  North  Fork  as  the  principal  streams  fed  by 
tributaries  passing  down  the  northwest  side  of  the  Ozark  up- 
lift. By  this  consideration  the  Spring  river  at  Carthage  takes 
its  place  beside  Center  creek,  Turkey  creek,  and  Shoal  creek, 
as  it  should,  and  does  not  swing  around  almost  in  a  curve. 

The  peculiar  nieanderings  of  Spring  river  are  comparatively 
easily  explained.  At  Lowell,  where  Shoal  creek  enters  the 
river,  the  latter  makes  a  turn  at  right  angles  and  flows  north 
of  west  for  a  mile  and  a  half,  and  then  suddenly  makes  a 
turn  and  flows  back  a  little  east  of  south.  Throughout  this 
entire  distance  the  river  flood  plain  rests  directly  on  the  upper 
surface  of  the  Mississippian,  which  is  exposed  in  the  bottom 
of  the  stream.  At  the  mouth  of  Turkey  creek  we  find  Spring 
river  verging  to  the  west  and  northwest,  forming  a  loop  nearly 
two  miles  long  and  one  and  one-half  wide.  The  same  is  true 
about  three  miles  above  the  mouth  of  Center  creek.  Here 
Spring  river  veers  to  the  west  a  distance  of  nearly  two  miles 
and  then  comes  back  again  to  a  more  normal  position  above 
the  mouth  of  Turkey  creek. 

Throughout  the  entire  distance  above  described  Coal 
Measure  shales  either  extend  eastward  to  the  river,  or  almost 
to  it.  In  every  instance  where  a  bold  curve  to  the  west  is 
made  the  river  has  glided  westward  on  top  of  the  Mississip- 
pian by  cutting  into  the  Coal  Measure  shales.  It  would  seem 
that  the  extra  current  in  Shoal  and  Turkey  creeks  may  have 
assisted  in  this.  But  the  third  bold  curve  above  the  mouth 
of  Center  creek  cannot  claim  any  such  assistance.     It  is  to 
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be  noticed,  however,  that  Brush  creek  enters  at  one  sharp 
angle  and  Cow  creek  at  the  one  above  the  mouth  of  Center 
creek.  Doubtless  each  one  of  these  streams  has  assisted  in 
enticing  the  river  westward  by  doing  a  large  part  of  the  cut- 
ting, as  both  streams  have  cut  their  channels  to  the  Missis- 
sippian  limestone  for  some  distance  above  their  mouths. 

The  -distance  between  Turkey  creek  and  Shoal  creek  is 
greater  than  that  between  Spring  river  and  Center  creek,  or 
Center  creek  and  Turkey  creek,  and  therefore  the  excessive 
rainfall  of  the  territory  had  to  be  provided  for  some  way, 
and,  as  a  consequence,  the  little  stream  of  Short  creek  was 
brought  into  existence.  It  lies  on  the  high  uplands  just  west 
of  Joplin,  and  has  a  valley  sufficiently  deep  to  create  short 
lateral  tributaries  on  each  side  which  are  gradually  sap- 
ping their  way  back  north  and  south  and  soon  will  meet  cor- 
responding tributaries  from  Turkey  creek  and  Shoal  creek. 

On  the  west  side  of  Spring  river  the  drainage  is  to  the 
southeast,  the  streams  in  general  making  an  angle  of  about 
150  degrees  with  those  on  the  east  side  of  the  river.  Within 
the  limits  of  the  United  States  topographic  map  of  the  Joplin 
district  are  shown  successively  Cow  creek,  Shawnee  creek, 
Brush  creek,  and  Willow  creek.  Throughout  this  area  the 
surface  slopes  to  the  east  and  southeast,  or  down  into  the 
trough  of  Spring  river.  These  streams  rise  on  the  high  up- 
lands of  Cherokee  and  Crawford  counties,  where  the  eleva- 
tion is  over  900  feet,  and  consequently  are  not  very  unlike 
the  streams  which  drain  the  mining  region  proper.  Their 
fall  is  not  quite  so  great,  and  as  they  flow  over  the  soft  beds 
of  the  Cherokee  shales  their  valleys  are  usually  wider  and 
their  bluffs  are  neither  so  high  nor  precipitous. 

Physiography. 

Physiographically  the  Galena  mining  area  is  a  part  of  the 
great  Ozark  area,  which  occupies  practically  all  of  the  state 
of  Missouri  south  of  the  Missouri  river,  and  a  portion  of  Ar- 
kansas. This  area  has  been  described  at  different  times  by 
different  authors,  until  it  would  seem  unnecessary  to  devote 
much  space  to  the  subject  here.     The  different  authorities 

who  have  written  on  the  subject  practically  agree  on  all  of 
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the  main  features  connected  with  it,  but  possibly  differ  ^in 
some  minor  points. 

The  present  physiographic  features  are  dependent  on  two 
general  conditions :  First,  a  lithologic  or  stratigraphic,  and 
second,  orographic  or  earth  movements.  In  the  extreme 
northeastern  part  of  the  area  in  Missouri  crystalline  rocks  of 
Archaean  age  are  found.  There  is  substantial  evidence  that 
this  section  was  brought  into  a  dry-land  condition  in  Pre- 
Cambrian  time,  and  that  it  suffered  a  long  period  of  erosion 
which  resulted  in  cutting  it  into  hills  and  valleys.  Be- 
ginning with  Cambrian  time  a  subsiding  occurred  which 
admitted  ocean  water  to  an  unknown  depth  and  the  accumu- 
lation of  stratified  rocks  of  unknown  thickness,  and  which 
probably  represented  a  thickness  suflBcient,  or  almost  suf- 
ficient, to  cover  the  highest  Archaean  hilltops  now  exposed. 
Subsequent  to  this  a  second  period  of  elevation  restored  the 
area  to  dry-land  condition  and  to  erosive  influence.  When 
this  second  elevation  was  effected  is  somewhat  uncertain, 
but  as  there  is  an  absence  of  all  rocks  older  than  the  Silurian 
throughout  a  wide  area  in  this  part  of  the  state,  it  seems 
probable  that  the  elevation  began  not  later  than  Carbonif- 
erous time. 

At  present  the  Coal  Measure  rocks  are  scarcely  known 
throughout  the  area  of  the  Ozark  dome,  just  here  and  there 
vestiges  in  the  form  of  small  areas  protected  from  erosion  by 
faults  having  occurred  in  such  a  way  that  portions  of  the 
rocks  dropped  down  below  their  normal  level.  These  vestiges 
show  that  the  Coal  Measure  rocks  extended  eastward  at  least 
as  far  as  Aurora,  and,  therefore,  to  a  certain  extent,  indicate 
something  about  the  vast  amount  of  erosion  which  has  oc- 
curred since  Coal  Measure  time.  From  the  general  geologic 
conditions  throughout  the  Coal  Measures  of  northern  Mis- 
souri, Kansas,  and  the  Indian  Territory,  it  seems  probable 
that  there  was  an  elevation  previous  to  Coal  Measure  time 
suflBcient  to  produce  the  coastal  or  near-shore  type  of  sand- 
stone and  shale  nearly  100  miles  or  more  to  the  west  of  the 
Missouri-Kansas  line.  There  is  a  large  area  covered  with 
hundreds  of  feet  of  Coal  Measure  formations,  the  sandstone  and 
shale  material  of  which  probably  came  from  the  east  or  south. 
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Our  knowledge  of  detailed  geology  in  the  Indian  Territory  and 
Oklahoma  is  not  sufficient  to  permit  exact  statements,  but 
quite  possibly  this  vast  amount  of  debris  was  supplied  in  part 
from  the  old  rocks  far  to  the  south  in  the  Indian  Territory, 
and  more  probably  in  part  from  the  Silurian  and  Devonian 
rocks  of  the  Ozark  area.  If  this  view  is  correct,  it  would 
carry  the  beginning  of  the  last  period  of  elevation  backwards 
to  the  beginning  of  Coal  Measure  time  or  earlier. 

Throughout  the  coal-fields  of  northern  Missouri,  those  in 
Randolph  county  particularly,'^  the  Coal  Measures  themselves 
have  unmistakable  indications  of  an  erosive  period,  implying 
an  oscillatory  elevation  of  the  Ozark  dome.  Such  features 
have  not  yet  been  discovered  in  the  Kansas  field,  and  possi- 
bly are  not  present. 

From  the  above  indications  it  would  seem  quite  probable 
that  the  last  period  of  elevation  of  the  Archsean-Silurian 
rocks  in  Missouri  began  during  Coal  Measure  time  and  contin- 
ued in  a  quiet,  gradual  way  throughout  a  long  period  of 
geologic  time.  The  excessive  erosion  in  the  Archaean  area 
likewise  would  imply  a  greater  elevation,  or,  at  least,  an 
earlier  one  than  prevailed  farther  westward,  in  the  Silurian 
area.  It  is  almost  certain  that  the  Mississippian  extended 
considerably  farther  east  than  its  present  eastern  limits,  and 
that  they  have  been  worn  away  in  a  manner  similar  to  that 
mentioned  for  the  Coal  Measures.  This  is  shown  by  the 
great  thickness  they  have  along  the  line  of  their  eastern  out- 
cropping. Throughout  these  times  the  drainage  over  the 
western  part  of  the  area  was  westward,  and  continued  in 
this  direction  until  the  Rocky  Mountain  elevation  created  an 
eastern  drainage,  whereupon  the  valley  between  the  two  be- 
came occupied  with  Spring  river  and  North  Fork.  Farther 
to  the  southwest  Spring  river  merges  with  the  Neosho  and 
Grand  rivers,  and  occupies  a  similar  position  with  refereuc  e 
to  the  Ozark  dome.  This,  in  turn,  farther  south  enters  the 
Arkansas  river,  a  Rocky  Mountain  stream,  which  is  pushed 
southward  by  the  Boston  mountains,  and,  in  turn,  occupies 
the  trough  between  the  Boston  uplift  on  the  northeast  and 

22.  Winslow.  Arthur :  Mo.  Geol.  Surv.  Rep.,  vol.  I.  p.  167,  et  aeg.  Marbut.  C.  F. :  Mo.  Gflol* 
Surv.  Rap..  voL  XII.  p.  364. 
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General  Considerations. 

Lead  and  zinc  ores  occur  in  rocks  of  all  kinds,  the  massive 
or  crystalline  rocks,  and  the  fragmental  or  sedimentary 
ones.  Of  the  former,  granites  and  porphyries  in  places  are 
comparatively  productive,  and  even  the  more  basic  crys- 
tallines produce  ore.  Of  the  latter,  limestones,  sandstones 
and  shales  alike  yield  both  lead  and  zinc ;  but  the  more  im- 
portant deposits  commercially  yet  known  are  found  in  imme- 
diate relation  with  limestones.  In  some  way  this  rock  seems 
to  be  more  productive  of  lead  ore  and  zinc  ore.  The  prin- 
cipal deposits  of  lead  ore  are  found  in  limestone  throughout 
Colorado,  Nevada,  Montana  and  Idaho.  The  entire  group 
of  lead  ores  and  zinc  ores  in  the  Mississippi  valley  are  found 
in  the  same  and  associated  flint,  as  are  also  those  of  Virginia, 
Pennsylvania  and  New  Jersey.  In  Europe  the  principal 
mines  of  Upper  Silesia,  Laurium,  Carthagena,  Santander, 
Bleiberg  and  Vieille  Montagne  as  well  as  those  of  northern 
England  are  found  either  in  limestone  or  in  immediate  con- 
nection there witli.  It  is  probable  that  more  than  half  of  all 
the  lead  ores  and  zinc  ores  of  the  world  come  from  limestone 
or  associated  impurities  such  as  flint  or  chert  of  the  Missouri- 
Arkansas  area. 

Lead  and  zinc  ores  also  occur  in  rocks  of  all  geologic  ages 
from  the  Archaean  to  the  Tertiary.  Here  also  we  find  that 
in  certain  places  they  are  more  abundant  than  elsewhere. 
The  rocks  of  the  Archipan  age  usually  are  cut  with  fissures, 
and  the  ores  occur  in  the  fissures,  probably  being  of  much 
more  recent  age  than  the  enclosing  rocks.  The  Silurian  and 
Carboniferous  rocks  contain  much  greater  quantities  of  ore 
than  all  the  others  combined. 

(54) 
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Wioslow^  has  treated  this  subject  so  well  that  a  quotation 
from  him  is  here  made  : 

* '  The  Age  of  the  Enclosing  Rocks  of  the  Geological  Distribution, — 
Deposits  of  lead  and  zinc  ores  occur  in  rocks  of  all  ages,  from 
the  Archaean  to  the  Tertiary.  Those  of  most  importance  as 
sources  of  lead  and  zinc  are,  however,  more  abundant  and 
more  extensive  in  Paleozoic  and  Mesozoic  rocks  than  in 
Algonkian  or  Archsean.  The  series  containing  the  largest 
and  most  noted  deposits  are  the  Silurian,  Lower  Carboniferous 
and  Triassic.  Examples  of  all  are  contained  in  the  descrip- 
tions of  the  next  two  chapters.  To  illustrate  these  facts  a 
little  more  prominently,  however,  we  give  the  following  list 
showing  the  distribution  of  the  more  prominent  deposits. 

^'Df^posits  in  Archaean  or  Pre-Paleozoic  Rocks, —  Ores  of  lead 
and  zinc  in  large  quantities  in  these  rocks  are  not  common  in 
America.  Those  of  Franklin  furnace,  New  Jersey,  are  per- 
haps in  Archsean  formations,  and  some  of  the  deposits  of  the 
Kootenay  district  of  Canada  are  in  the  Laurentian.  In  Europe 
are  to  be  cited  lodes  of  the  Erzgebirge  and  northeastern 
Hungary  ;  portions  of  the  deposits  of  Les  Malines,  of  Pontgi- 
baud,  of  Correze  and  Aveyron,  of  Huelgoat  and  Poullaouen  in 
France,  and  others  in  Corsica  ;  also  some  of  the  less  important 
ones  of  Sardinia  and  of  Linares  in  Spain.  The  Ammeberg 
zinc  deposits  of  Sweden  are  in  Laurentian  rocks,  and  the  lead 
deposits  of  Sala  in  Primitive  magnesian  limestones.  The 
silver-lead  ores  of  Broken  Hill  in  New  South  Wales  are  in 
Primitive  gneiss  and  other  rocks. 

^^  Deposits  in  Cambrian  or  Silurian  Rocks, — In  America,  the 
lead  and  zinc  deposits  of  Wisconsin,  Iowa  and  of  central  and 
southeastern  Missouri  are  in  Lower  Silurian  limestone ; 
those  of  Eureka,  Nevada,  are  partly  in  the  Cambrian  and 
Silurian  ;  those  in  Kootenay,  Canada,  are  largely  in  Carabro- 
Silurian  ;  those  of  Wythe  county,  Virginia,  are  also  in  the 
Cambro-Silurian  ;  those  of  Saucon  Valley,  Pennsylvania,  in 
the  Lower  Silurian,  and  others  in  the  Upper  Silurian  ;  prob- 
ably the  Franklin  furnace  ores  of  New  Jersey  are  in  Cambrian 
rocks.  In  Europe  the  Przibram  lodes  are  in  the  Silurian  ; 
the  lodes  of   Shropshire  and  adjacent   counties   of  western 

26.    Winalow,  Arthur:  Mo.  Geol.  Surv.  Rep.,  vol.  VI.  p.  46.    Jefferson  City,  1894. 
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Age. 

Missouri  section. 

Arkansas  section. 

Classification  of 
rocks. 

Tertiary, 

Represented  in  southeastern 
Missouri. 

Represented  in  eastern  Ar- 
kansas. 

Upper  Car- 
boniferous. 

Cherokee  shales,  Haworth. 
Graydon  shales.  Shepard. 

Millstone  grrit. 

Undifferentiated 

• 

2 

Chester. 
St.  Louis. 
Warsaw. 
Keokuk. 

.Mississippi  river 
section. 

Boston  group :  Batesville 
sandstone;  Fayetteville 
shale  of  Arkansas  survey. 

shales  and  sand- 
stones of  the 
Carboniferous 
system. 

£ 

c 

1 

Upper  Burlington,  Shepard. 
Lower  Burlinfirton,  Shepard. 

Boone  chert  and  limestone,  in- 
cluding the  St.  Joe  lime- 
stone of  Arkansas  survey. 

Limestones  of  the 
Mississippian 
series. 

Pierson  limestone,  Weller. 
Northview  shales  and  sand- 
stone, Weller. 
Sac  limestone.  Weller. 

Eureka  shale. 

O 

u 

Black  shales  of  the 
Devonian-Car- 

> 

^ 

Sylamore  sandstone  and 
Eureka  shale  of  Arkansas 
survey. 

boniferous  sys- 
tem. 

Upper  Silu- 
rian. 

Either  not  represented  or  not 
differentiated. 

St  Clair  limestone.  Williams. 
Cason  shale,  Williams. 

Lower  Silurian  or 
Ordovician. 

Trenton. 

Hudson  river. 

Roubidoux  sandstone,  Nason. 

Gasconade  sandstone,  Nason. 

Lower  limits  not  sriven. 

Lesueur  limestone,  Keyes. 
Fredericktown  limestone, 

Keyes. 
La  Motte  sandstone,  Keyes. 

Polk  Bayou  limestone,  Izard 
lim^tone,  saccharoidal 
sandstone,  magnesian  lime- 
stone, cherts,  etc.^  of  Arkan- 
sas survey. 

Limestones  and 
sandstones  of 
theCambro- 
Silurian  system. 

Either  not  represented  or  not 
differentiated. 

Archaean. 

Iron  Mountain  porphyry. 
Knob  Lick  granite. 

Not  represented. 

Pre-Cambrian 
crystallines. 

ble  that  the  entire  Mississippian  formations  are  thicker  at 
present  along  the  western  limit  of  their  exposure  than  far- 
ther east,  where  recent  erosion  has  had  greater  opportunity 
to  act  upon  them.  Consequently  the  surface  at  Galena  may 
be  looked  upon  as  the  uppermost  part  of  the  Mississippian, 
and  also  the  upper  surface  of  the  Mississippian  now  covered 
with  the  Coal  Measures  possibly  is  even  younger. 

The  records  of  deep  wells  to  the  west  of  Galena  become  im- 
portant in  this  connectioo,  as  they  show  us  what  kind  of 
material  can  be  found  underlying  the  Coal  Measures.  For 
this  purpose  there  are  here  included  the  records  of  a  number 
of  wells:  One  at  Cherokee,  Kan.,  figure  1,  plate  XIX,  908 
feet  deep,  which  struck  the  top  of  the  Mississippian  limestone 
at  352  feet  and,  therefore,  went  556  feet  below  its  surface  ; 
one  at  Stone  City,  figure  1,  plate  XVIII,  a  few  miles  south- 
west of  Cherokee,  with  a  total  depth  of  856  feet,  which 
struck  the  top  of  the  Mississippian  at  376  feet  and,  therefore. 
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England  in  the  Cambro-Silurian.  The  deposits  of  Andreas- 
burg  in  Germany,  of  Pontpean  in  France,  and  of  Horcajo  in 
Spain  are  in  Silurian  rocks,  and  some  of  those  of  Tomsk, 
Siberia.  The  more  important  bodies  of  Sardinia  and  of 
Linares,  Spain,  are  principally  in  the  Cambrian  and  Si- 
lurian. The  deposits  of  Laurium,  Greece,  are  also  probably 
in  Silurian  rocks.  In  South  America  lodes  of  Bolivia  are  in 
Silurian  rocks. 

*^ Deposits  in  Devonian  Rocks. — In  America,  only  a  few  im- 
portant lead  and  zinc  deposits  are  assigned  to  this  horizon. 
The  most  important  are  a  portion  of  the  ore  bodies  of  Eureka, 
Nevada,  and  the  silver-lead  bearing  lodes  of  Guanajuato  and 
others  of  central  Mexico.  In  Europe  such  are  comparatively 
common.  Among  these  are  included  deposits  described  in 
Cornwall  and  Devonshire,  England ;  in  the  Siebengebirge, 
at  Eifel,  Gladbach,  Iserlohn,  Holzappel  and  the  Hartz  moun- 
tains, especially  at  Rammelsberg,  all  in  Germany.  The  lodes 
of  Huelgoat  and  Poullaouen,  in  Brittany,  penetrate  Devonian 
as  well  as  other  rocks,  and  some  of  the  deposits  of  Tomsk, 
Siberia,  also  belong  to  this  formation. 

** Deposits  in  Carboniferous  Rocks, — Almost  all  lead  and  zinc 
ores  of  the  Carboniferous  are  in  the  Lower  Carboniferous 
series,  which  are  generally  limestones.  To  these  belong  the 
lead  deposits  of  Leadville  and  Aspen,  Colo.,  and  others  of 
Utah.  The  zinc  and  lead  ores  of  southwestern  Missouri  are 
also  in  these  rocks.  In  Europe  are  the  deposits  of  Derby- 
shire and  the  north  of  England  counties,  and  those  of  Flint- 
shire and  Denbighshire ;  those  of  Bleiberg  and  Vieille 
Montague  in  Belgium ;  in  part  those  of  Huelgoat  and 
Poullaouen  in  France ;  those  of  Santander  in  Spain,  and 
of  Tomsk  in  Siberia,  both  also  in  part.  At  Carthagena  in 
Spain  are  deposits  in  the  Permian. 

^*  Deposits  in  Triassic  Rocks, — No  great  lead  or  zinc  deposits 
in  Triassic  rocks  have  developed  in  America,  though  some  of 
the  lodes  of  central  Mexico,  carrying  silver-lead  ores,  are  in 
these  rocks.  In  Europe,  on  the  contrary,  this  horizon  is  a 
great  source  of  supply.  Prominent  among  the  Triassic  ores, 
we  may  cite  those  of  Carinthia  in  Austria,  those  of  Upper 
Silesia  in  Prussia,  of  Mechernich  in  the  Rhine  provinces, 
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and  of  Wiesloch  in  Baden ,  as  well  as  other  deposits  in  that 
duchy  and  in  Wurtemburg. 

** Deposits  in  Jurassic  Rocks. — Here,  likewise,  there  is  a 
dearth  of  such  ores  in  America,  though  lodes  of  Peru  and 
Chili  have  been  assigned  to  this  formation.  In  Europe  they 
are  comparatively  common.  The  more  noteworthy  of  such 
are  those  of  Santander  in  Spain  (though  the  rocks  may  be 
Cretaceous) ,  and  those  of  Les  Malines,  Clairac  and  other  lo- 
calities in  France. 

^'Deposits  in  Cretaceotis  Rocks. — The  existence  of  these  ores 
in  Cretaceous  rocks  is  somewhat  doubtful ;  at  least,  at  the 
more  important  localities.  The  deposits  of  Algiers  are  as- 
signed to  this  formation ;  those  of  Laurium  in  Greece  have 
also  been  placed  there  by  some  geologists,  though  the  gener- 
ally accepted  opinion  is  that  they  are  in  the  Silurian.  Some, 
at  least,  of  the  ore  bodies  of  Santander  in  Spain  appear  to 
be  in  Cretaceous  rocks.  In  Peru,  silver  lodes  traverse  these 
rocks.  In  Mexico  the  Sierra  Mojada  ores  have  been  placed 
at  this  horizon. 

**  Deposits  in  Tertiary  Rocks. — The  only  noteworthy  deposits 
of  lead  or  zinc  in  Tertiary  rocks  are  those  of  Tunis  in  Af- 
rica, which  are  placed  in  the  Eocene." 

Kansas-Missouri  Area. 

The  lead  ores  and  zinc  ores  of  the  Galena-Joplin  area  are 
found  in  limestones  and  included  flints  of  the  Mississippian 
series,  with  comparatively  unimportant  amounts  in  little 
patches  of  shales  found  here  and  there  throughout  the  dis- 
trict. Beneath  the  Mississipian  series  lie  rocks  of  greater 
age,  which  may  have  a  great  importance  in  connection  with 
the  question  of  deep  mining.  This  great  complex  of  forma- 
tions belonging  to  different  ages  rise  to  the  east  onto  the 
Ozark  dome,  and  have  their  gently  upturned  edges  beveled 
by  erosion,  so  that  one  traveling  eastward  is  constantly  ap- 
proaching rocks  of  greater  geological  age.  Some  geologists 
believe  that  these  underlying  rocks  may  have  an  important 
influence,  in  one  way  or  another,  on  the  Kansas  ore  bodies, 
or  in  connection  with  their  development.  A  brief  discussion 
of  their  properties  and  sequences,  therefore,  is  desirable. 

Farther  east  in  the  Archaean  area  the  oldest  stratified  rocks, 
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lying  in  the  valleys  between  the  more  ancient  hills  or  mounds 
of  the  crystallines,  are  Cambrian  or  Lower  Silurian  in  age. 
To  the  west  one  passes  onto  rocks  of  younger  age.  Shep- 
ard^' gives  the  following  tabulated  scheme  for  rocks  included 
within  Green  county,  Missouri,  which  practically  includes 
all  rocks  herein  mentioned  : 

TABLE  OP  GEOLOGICAL  FORMATIONS  IN  GREEN  COUNTY,   MISSOURI. 


System. 

Series. 

Stasre. 

Formations. 

Des  Moines. 

Cherokee. 

Graydon  sandstone. 

Carboniferous. 

Mississippian. 

AufiTusta. 

Upper  Burlin^rton  limestone. 
Lower  Burlington  limestone. 

Kinderhook. 

Chouteau  limestone. 
Hannibal  shales., 
Louisiana  limestone. 

Devonian. 

Hamilton. 

Phelps  sandstone. 
Sac  limestone. 
Kinar  limestone. 
Black  shale. 

Silurian. 

Ozark. 

First  maffnesian  limestone. 

First  sandstone. 

Second  masrnesian  limestone. 

Second  sandstone. 

Third  ma^nesian  limestone. 

Adams**  gives  a  general  discussion  of  all  the  Missouri- 
Arkansas  rocks,  and  summarizes  the  matter  by  the  scheme  of 
classification  printed  at  top  of  page  59. 

He  accompanies  this  discussion  with  two  geological  sec- 
tions, one  north  and  south,  the  other  east  and  west,  which  are 
included  here  as  figs.  1  and  2,  p.  60.  It  is  probable  the  for- 
mations exposed  at  the  surface  through  the  Ozark  area  pass 
westward  and  dip  under  the  Coal  Measure  shales,  sandstones 
and  limestones  of  southeast  Kansas  and  northeast  Indian 
territory.  The  Galena  area  is  the  farthest  west  of  any  lead 
or  zinc  mining  area  yet  operated,  and  consequently  the  closest 
to  the  Coal  Measure  area.  How  great  a  period  of  erosion 
intervened  between  Mississippian  time  and  Coal  Measure 
time  is  quite  problematic,  but  we  know  that  the  Mississip- 
pian rocks  for  fifty  miles  or  more  west  of  their  present  sur- 
face exposure  were  eroded  to  a  considerable  extent  before  the 
Coal  Measure  formations  were  placed  upon  them.    It  is  proba- 

27.  Shepard.  Prof.  Edward  M. :  Mo,  Geol.  Surv.  Rep.,  vol.  XII,  p.  49. 

28.  Adams.  Dr.  George  I.:  U.  S.  Geol.  Surv..  22d  Ann.  Rep.,  pt.  II,  pp.  76-94.  Washington,  1901. 
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GENERAL  GEOLOGICAL  SECTION  OF  THE  OZARK  REGION. 


Age. 

Missouri  section. 

Arkansas  section. 

Classification  of 
rocks. 

Tertiary. 

Represented  in  southeastern 
Missouri. 

Represented  in  eastern  Ar- 
kansas. 

Upper  Car- 
boniferous. 

Cherokee  shales.  Haworth. 
Graydon  shales,  Shepard. 

Millstone  irrit. 

Undifferentiated 

i_      1                   J               J 

9 

Chester. 
St.  Louis. 
Warsaw. 
Keokuk. 

.Mississippi  river 
section. 

Boston  ifroup ;  Batesville 
sandstone:  Fayetteville 
shale  of  Arkansas  survey. 

shales  and  sand- 
stones of  the 
Carboniferous 
system. 

8 

1 

Upper  Burlingrton,  Shepard. 
Lower  Burlington,  Shepard. 

Boone  chert  and  limestone,  in- 
cluding the  St.  Joe  lime- 
stone of  Arkansas  survey. 

Limestones  of  the 
Mississippian 
series. 

Pierson  limestone,  Weller. 
Northview  shales  and  sand- 
stone, Weller. 
Sac  limestone.  Weller. 

Eureka  shale. 

& 

Black  shales  of  the 
Devonian-Car- 

1 

^ 

Sylamore  sandstone  and 
Eureka  shale  of  Arkansas 
survey. 

boniferous  sys- 
tem. 

Upper  Silu- 
rian. 

Either  not  represented  or  not 
differentiated. 

St.  Clair  limestone,  Williams. 
Cason  shale,  Williams. 

lurian  or 
rician. 

Trenton. 

Hudson  river. 

Roubidoux  sandstone,  Nason. 

Gasconade  sandstone,  Nason. 

Lower  limits  not  griven. 

Lesueur  limestone.  Keyes. 
Fredericktown  limestone, 

Keyes. 
La  Motte  sandstone,  Keyes. 

Polk  Bayou  limestone.  Izard 
limestone,  saccharoidal 
sandstone,  masmesian  lime- . 
stone,  cherts,  etc.^  of  Arkan- 
sas survey. 

Limestones  and 
sandstones  of 
theCambro- 
Silurian  system. 

ca  6 

1= 

Either  not  represented  or  not 
differentiated. 

Archaean. 

Iron  Mountain  porphyry. 
Knob  Lick  srranite. 

Not  represented. 

Pre-Cambrian 
crystallines. 

ble  that  the  entire  Mississippian  formations  are  thicker  at 
present  along  the  western  limit  of  their  exposure  than  far- 
ther east,  where  recent  erosion  has  had  greater  opportunity 
to  act  upon  them.  Consequently  the  surface  at  Galena  may 
be  looked  upon  as  the  uppermost  part  of  the  Mississippian, 
and  also  the  upper  surface  of  the  Mississippian  now  covered 
with  the  Coal  Measures  possibly  is  even  younger. 

The  records  of  deep  wells  to  the  west  of  Galena  become  im- 
portant in  this  connectiott,  as  they  show  us  what  kind  of 
material  can  be  found  underlying  the  Coal  Measures.  For 
this  purpose  there  are  here  included  the  records  of  a  number 
of  wells:  One  at  Cherokee,  Kan.,  figure  1,  plate  XIX,  908 
feet  deep,  which  struck  the  top  of  the  Mississippian  limestone 
at  352  feet  and,  therefore,  went  556  feet  below  its  surface  ; 
one  at  Stone  City,  figure  1,  plate  XVIII,  a  few  miles  south- 
west of  Cherokee,  with  a  total  depth  of  856  feet,  which 
struck  the  top  of  the  Mississippian  at  376  feet  and,  therefore. 


60 


University  Geological  Survey  of  Kansas, 


> 


If 
7 

5 


Iv'l-'". 


\-« 


■■_- 


S^«  J 

»/- 

3E 

"8 

^           \%T^Bm  imJ 

« 

1  raKh/l 

• 

Armml  U 

a 

•  vaV/Er/ / 

A 

• 

- 

1 

ii 

- 

1 

#  ^1 

_ 

& 

^ij: 

- 

1 

((      A'. 

- 

G 
G 

u    Bi 

< 

- 

1 

\ 

• 

a     ff-. 

T  ■ 

^ 

1     ^ 

.    «> 

• 

o  r 

^ 

OQ 

•^  n  ~ 

^  A-  ■ 

•»" 

d 

»   .( 

OQ 

«  1  - 

-  2     ti 

D 

•    r 

'  E 

■" 

-   C 

g 

- 

•M 

_ 

_     »- 

^ 

«w 

< 

^ 

^ 

h 

tt 

s 

IL 

- 

< 

<f 

N 

ti 

i 

O        f- 

Ml 

« 

H 

- 

^ 

L 

- 

P4 

1 

5-*\  r 

1    ' 

« 

C 

.2 

s  U 

1 

1 

•s 

1 

tf   £ 

- 

c 

i   n 

■** 

« 

*   M 

Y" 

U 

-  ra 

ji 

M> 


I 


Haworth.]         Oeology  of  Lead  and  Zinc  Ores.  61 

went  480  feet  beneath  its  surface ;  one  at  Weir  City,  which 
went  210  feet  below  the  upper  surface  of  the  Mississipp^an ; 
one  at  Girard,  figure  2,  plate  XVIII,  with  a  total  depth  of  900 
feet,  which  struck  the  Mississippian  at  450  feet  and,  therefore, 
went  450  feet  beneath  its  upper  surface ;  and  finally  one  at 
Neodesha,  figure  2,  plate  XIX,  with  a  depth  of  2412  feet, 
which  struck  the  Mississippian  at  1090  feet  beneath  the  sur- 
face and,  therefore,  went  1322  feet  beneath  its  upper  surface. 

This  latter  well  record  is  important  because  more  care  was 
given  it  than  is  given  the  ordinary  well.  It  was  drilled  by 
the  Forest  Oil  Company  as  a  test  well,  and  was  begun  almost 
immediately  after  they  purchased  the  Neodesha  oil  proper- 
ties from  GuflFey  &  Galey.  This  is  the  same  company  which 
drilled  the  Bedell  deep  well  in  West  Virginia  some  years  be- 
fore, which  still  remains  the  deepest  boring  on  the  American 
continent,  having  reached  a  total  depth  of  5575  feet.  Mr. 
Patterson,  still  at  Neodesha,  had  immediate  charge  of  the 
well  and  kindly  kept  duplicate  sets  of  the  drill  cuttings,  one 
of  which  is  preserved  in  the  office  of  the  Standard  Oil  Com- 
pany, at  Neodesha,  and  the  other  presented  to  the  museum 
of  the  State  University.  Immediately  upon  their  receipt  a 
superficial  examination  was  made,  the  results  of  which  were 
given  to  the  public.  But  no  detailed  examination  was  made 
until  recently.  In  the  preparation  of  this  report  a  very  de- 
tailed examination  of  every  sample  cutting  was  made,  in  order 
that  a  thoroughly  reliable  record  could  be  built  up  and  put 
into  permanent  form. 

It  should  be  stated  that  beneath  the  Mississippian  lime- 
stone is  a  great  mass  of  calcareous  sandstones  and  arenaceous, 
dolomitic  limestones.  From  the  drill  cuttings  alone  some- 
times it  was  difficult  to  determine  just' what  names  to  use.  The 
dolomitic  limestones  were  thoroughly  crystallized,  and  were, 
therefore,  composed  largely  of  little  granular  crystals  of  dolo- 
mite, which  were  broken  up  by  the  drill  and  strongly  re- 
sembled sandstone  cuttings.  It  was  only  by  chemical  and 
microscopical  examination  that  they  were  distinguished  from 
the  sand  grains.  In  fact,  the  sandstones  and  limestones 
grade  into  each  other  in  such  a  way  that  scarcely  a  sample 
of  the  limestone  could  be  found  which  did  not  contain  water- 
worn  sand  grains,  and  scarcely  a  sample  of  sandstone  could 
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be  found  which  did  not  contain  variable  amounts  of  calcium 
or  magnesium  carbonates. 

The  last  material  passed  through  by  the  drill  was  a  very 
hard,  compact  sandstone,  which  the  drillers  called  granite. 
It  proved  to  be  a  very  interesting  rock.  Some  of  the  samples 
of  it  carry  a  perceptible  amount  of  feldspar,  which  increases 
its  similarity  to  granite.  Also,  many  of  the  samples  are  com- 
posed almost  entirely  of  angular  fragments  of  quartz,  show- 
ing that  the  sand  grains  were  cemented  together  by  silica^ 
producing  a  genuine  quartzite  which  yielded  angular  frag- 
ments by  the  action  of  the  drill  bit.  But  all  the  way  through 
rounded  sand  grains  were  present  in  sufficient  quantity  to 
preclude  the  idea  that  this  material  was  granite  or  other 
eruptive  rock.  The  well  record  follows,  which  may  be  read 
in  connection  with  a  study  of  figure  2,  plate  XIX. 

Cherokee  Water  Well. 

Reported  by  W.  E.  Turkington,  Cherokee.  Kan. 


Material. 


Soil  and  soapstone 

Shale.  10  inches  of  coal 

Black  shale 

Slate 

Hard  limestone 

Sandstone 

Slate,  16  inches  of  coal 

Black  slate 

Slate 

Slate 

Sandstone 

Shale 

Coal  and  slate  mixed 

Hard  limeatonc 

Slate  and  sandstone 

Sandstone 

Black  slate 

Slate  and  fire  clay 

Soapstone 

Sand  and  limestone 

Dark  shale 

Coal 

Shale  and  pyrite 

Lime  and  flint  showingr  oil 

Lime  and  flint 

Limestone 

Limestone 

Hard  flint 

Lime  and  sand 

Masrnesian  limestone 

Flint  and  limestone 

Limestone 

Flint  and  sand 

Limestone 

Blue  slate 

Limestone 

Sand  and  srood  showing  of  water 

Sand  and  water 

Lime  and  sand  mixed 

Lime  and  sand  mixed 

Limestone  and  water 

White  flint  and  sand 

Lime.  sand,  and  flint 


Thickness  of 
strata. 

Total  depth. 

20  feet. 

20  feet. 

5  * 

26 

34  " 

60 

10  " 

70 

10  •• 

80 

10  " 

90 

6  •* 

96 

6  •* 

102 

28  •• 

180 

10  " 

140 

8  '• 

148 

10  •• 

163 

5  " 

168 

7  " 

166 

15  " 

180 

10  '* 

190 

10  " 

200 

16  •• 

216 

10  •• 

226 

10  •' 

236 

110  •• 

346 

1  •* 

846 

6  •* 

852 

4  " 

866 

6  *• 

862 

48  *' 

410 

90  *' 

600 

30  •• 

530 

70  *• 

600 

50  •• 

660 

26  •* 

675 

5  " 

680 

16  " 

696 

10  •• 

705 

10  " 

715 

30  " 

745 

40  " 

785 

5  " 

790 

65  " 

845 

20  •* 

865 

10  •• 

875 

10  " 

886 

28  " 

908 
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Stone  City  Well. 

Reported  by  Bailey  &  Wauoh.  drillers.    Forwarded  by  Col.  W.  B.  Stone.  Galena,  Kan., 

December  8. 1900. 


Material. 
Commencing  at  300  feet. 


Gray  shale 

Gray  sand  shale 

Black  shale 

Coal 

Gray  shale. 

Black  shale 

Coal 

Black  shale  containing  mundic  ( pyrite) 

Black  shale  with  streaks  of  flint. 

White  flint  and  array  limestone  with  streaks  of  sand 

Gray-mottled  flint  with  showins:  of  lime 

Lime 

Lime  and  flint 

Flint  and  cotton  rock  ( decomposed  flint ) 

Flint : 

Flint  and  zinc  ore 

Blue  flint,  lime,  and  sand  ( known  as  bed-rock ) 

Blue  flintand  sray  sand  (amonsr  mines) 

Lime,  very  solid  at  flrst,  becominar  thinner  in  strata,  and  gettini? 

softer  with  depth 

Fine-flrrained.  hard,  white  sandstone 

Fine-flrrained.  hard,  array  sandstone 

Flne-grrained,  hard,  brown  sandstone 

Brown  sand  with  openinsrs  quite  porous  in  places. 

Brown  and  firray  sand  in  thin  strata,  filled  between  with  putty-like 

substance,  color  gray,  resembling  talc 

Total  depth 


Thickness  of 
strata. 

Total  depth. 

20  feet 

320  feet. 

6 

*• 

826 

•  4 

16 

«• 

340 

44 

8  i 

nches. 
reet 

12i 

863  feet. 

8 

4. 

361 

1 

«4 

362 

9 

<< 

371 

6 

876 

20 

.< 

396 

100 

<< 

496 

60 

«t 

646 

20 

1. 

666 

10 

«< 

676 

16 

<4 

691 

6 

44 

696 

20 

•  4 

616 

100 

44 

716 

80 

44 

796 

4 

•  4 

800 

8 

44 

808 

4 

44 

812 

36 

<« 

848 

8 

4« 

866 

44 

866  feet 

866  feet 

Weir  City  Water  Well  No.  2. 

Reported  by  A.  B.  Cockerell.  May  26.  1897. 


Material. 

Thickness  of 
strata. 

Total  depth. 

Soil  and  clay 

16  feet 

6    •• 
10    " 

3    " 

8    " 
76    " 
14  inches. 

2  feet 
100    " 

2    " 

2    " 

62    •• 

160    " 

40    " 

20    " 

16  feet. 

Sandstone 

20    • 
30    ' 
83    * 
86    ' 

111  • 

112  • 
114    • 
214    ' 
216    • 
218    • 
280    * 
430    ' 
470    • 
490    ' 

Slate 

Coal 

Fire  clay 

Slate 

Coal 

'     2  inches. 

Fire  clay 

4     2 

Slate 

4     2 

Coal 

.     2 

Fire  clay 

4     2       " 

Slate 

4      2        *' 

FUnt 

.     2       •• 

Sand  flint 

*     2 

Granite  • 

.             „                   4. 

Total  depth 

490ft2in. 

490  feet  2  inches. 

■ 

•  It  is  exceedingly  probable  that  the  last  item,  srranite,  refers  to  a  coarsely  crystalline  lime- 
stone, which  is  sometimes  called  «rranite  in  the  lead  and  zinc  mining  district  and  which  is  not 
sranite  at  all,  but  limestone.— E.  H. 
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GiRARD  City  Well  No.  2. 

Drilled  by  P.  L.  Crossmak.  of  Joplin.  Mo.    Commenced  October  16. 1898 ;  finished,  March  10, 1884. 
Record  kept  by  Jesse  T.  Bufpinoton.  ensrineer  and  tool  dresser. 


Material. 


Soil 

Clay,  fiTummy  and  sticky 

Limestone,  white,  without  firrit. 

Dark  slate,  first  surface  water 

Limestone 

Black  slate 

Soapstone  with  more  water 

Black  limestone  with  pyrites  of  iron 

White  soapstone. 

Slate,  KettinjT  darker  from  first  to  last 

Dark  soapstone 

Slate  with  a  little  showins:  of  coal 

Hard  slate  with  a  little  gaa 

Soapstone  and  slate,  mixed  with  a  small  showing  of  coal 

Soapstone  and  slate  mixed 

A  cross  of  soapstone  and  lime  with  some  firrit 

White  soapstone. 

Dark-colored  soapstone 

Slate,  dark 

Slate  and  shale  mixed 

Lifirht  soapstone 

Dark  soapstone 

Lifirht  soapstone 

A  lime  formation,  very  hard 

Lifirht  soapstone 

Lime  formation  showing  indication  of  soapstone  beinfir  mixed  with  it, 

Lifirht  soapstone 

Sandstone,  gritty  and  dark  colored 

Dark  soaostone. 

Gray  sanastone.  soft 

Sandy  shale,  very  srritty 

Lifirht  soapstone 

Dark  soapstone. 

Lifirht  soapstone 

Hard,  sandy  shale,  where  the  well  was  cased  shuttinfir  off  all  the 

water  above : 

Hard,  sandy  shale,  borderinsr  on  sandstone 

Coal 


Lifirht-colored  shale 

Slate,  hard 

Soapstone,  lifirht,  firm  and  solid 

Lime  formation 

Lifirht  soapstone,  firm  and  solid 

Dark  soapstone 

Lifirht  soapstone 

Sandstone,  hard 

Lifirht  soapstone.  firm  and  solid 

Slate  with  pyrites  of  iron 

Flint  with  lime  shot  in.  very  hard,  and  varying  but  little  in  color  and 
texture,  and  cutting  steel  very  fast 

Limestone,  almost  pure,  with  pyrites  of  iron 

Blue  flint,  very  hani  and  sharp 

Lime  with  a  little  flint,  erradually  ^ettinfir  softer,  and  tovrard  the  last 
containinfiT  some  pyrites  of  iron 

A  chanfire ;  lifirht  soapstone  containinfir  lifirht  pyrites  of  iron 

Hard  shale 

Gray  limestone,  hard  toward  the  last 

Slate  with  pyrites  of  iron 

Gray  sandstone,  first  water  after  casinj?;  this  water  was  very 
stronfiT  of  sulphur 

Limestone  with  hard  stratum 

Sandy  limestone,  chan^nfir  in  color  some 

Limestone,  almost  pure 

Limestone  and  flint  mixed 

Limestone.  varyinK  in  color 

Limestone  and  flint  mixed 

Limestone,  white 

Limestone  and  flint 

Limestone 

Flint  with  a  little  lime,  showinfir  indications  of  water 

Limestone,  very  hard 

Lime  and  flint  with  indications  of  water 

Flint  and  limestone 

Lime  with  some  flint  shot  in 

Flint  with  a  little  lime;  srettinfir  harder  and  showinfir  stronfir  indica- 
tions of  water ;  and  it  is  my  opinion  that  this  stratum  furnishes 
the  best  supply  of  water  in  the  well 
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Neodesha  Deep  Welx.. 

Racord  determined  by  EL  Haworth  and  G.  F.  Kay,  from  a  study  of  drill  cuttinffs  supplied  by 
E.  T.  Patterson,  who  superintended  the  drilling  and  saved  duplicate  samples. 


Material. 


Surface  soil  and  clay 

Sandstone,  fine  lotiined,  sliirhtly  calcareous. 

Shale,  array,  calcareous  and  arenaceous 

Shale,  array,  calcareous. 

Limestone,  li^ht  colored 

Shale,  bluish 

Limestone,  li^rht  colored. 

Limestone  with  black  shale 

Sandstone,  fine  grrained 

Limestone,  lifirht  colored 

Shale,  bluish 

Limestone  with  shale 

Shale,  black 

Limestone,  arenaceous 

Shale. 


Limestone  with  bluish  shale 

Shale,  black,  calcareous 

Limestone,  shaly 

Shale,  sliffhtly  calcareous 

Limestone  with  some  shale 

Shale,  dark,  calcareous. 

Shale,  bluish,  slightly  calcareous. 

Sandstone 

Shale,  bluish 

Shale,  dark 

Shale,  calcareous 

Shale,  black 

Shale  with  some  sandstone 

Shale,  black 

Sandstone  with  some  shale 

Sandstone,  lig'ht  colored 

Sandstone,  white,  slisrhtly  ferruflrinous 

Sandstone,  very  ferrusrinous 

Shale,  black 

Shale,  bluish 

Chert  with  shaly  material 

Limestone,  arenaceous 

Limestone,  arenaceous 

Shale,  arenaceous 

Limestone,  cherty 

Limestone,  arenaceous 

Limestone,  cherty 

Limestone,  arenaceous 

Limestone,  cherty.  ferrusrinous 

Limestone,  arenaceous,  ferrujrinous 

Limestone,  cherty 

Limestone  with  little  shale. 

Limestone,  shaly 

Limestone,  arenaceous 

Limestone,  cherty 

Limestone,  arenaceous,  slisrhtly  ferru^nous 

Calcareous  shale 

Sandstone,  cherty 

Sandstone,  cherty.  calcareous,  f erru^nous 

Limestone,  cherty 

Sandstone,  fine  srrained 

Sandstone,  calcareous 

Limestone,  mairnesian,  arenaceous 

Sandstone  with  calcium  and  mairnesium  carbonates. 

Sandstone  with  considerable  magnesium  carbonate 

Sandstone,  cherty,  with  magnesium  carbonate 

Sandstone  with  considerable  masmesium  carbonate,  part  cherty  and 

part  somewhat  ferrufirinous 

Limestone,  masmesian.  cherty , 

Sandstone  with  magnesium  carbonate 

Limestone,  cherty 

Sandstone  with  magnesium  carbonate 

Limestone,  magnesian.  cherty 

Limestone,  magnesian.  arenaceous. 

Limestone,  magnesian,  cherty 

Limestone,  magnesian,  arenaceous 

Sandstone  with  magnesium  carbonate 

Limestone,  magnesian,  arenaceous 


Thickness  oi 
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Neodosha  Deep  Well— continued. 


Material. 


Sandstone  with  maflrnesiom  carbonate 

Limestone,  maflmesian 

Limestone,  maflrnesian,  arenaceous. 

Sandstone,  cherty,  wiUi  masrnesium  carbonate 

Sandstone,  fine  irrained,  with  magnesium  carbonate 

Sandstone,  white 

Sandstone  with  macrnesium  carbonate 

Limestone,  macrhesian,  arenaceous 

Limestone,  maffnesian,  cherty 

Limestone,  maflrnesian,  arenaceous 

Limestone,  masnesian,  cherty 

Limestone,  maflmesian.  arenaceous 

Sandstone,  cherty,  with  maernesium  carbonate. 

Sandstone  with  maarnesium  carbonate 

Limestone,  maernesian,  arenaceous. 

Limestone,  maffnesian.  arenaceous. 

Sandstone,  white,  part  coarse  and  part  fine 

Sandstone,  coarse,  with  some  feldspar 

Sandstone,  coarse,  some  of  quartz,  ansrular,  an  appreciable  amount 

of  feldspar 

Sandstone,  fine  grained,  much  of  the  quartz  ansrular,  some  feldspar. 
Sandstone,  coarse,  the  errains  distinctly  water-worn,  considerable 

firray-colored  feldspar 

Sandstone,  the  quartz  in  many  cases  ansrular,  some  feldspar  and  a 

few  scales  of  mica. 

Sandstone,  white,  fine  firrained.  the  srrains  mostly  angular 

Sandstone,  much  of  quartz  is  angular,  some  pink  feldspar 

Sandstone,  fine  {Trained 

Sandstone,  many  grains  well  rounded,  considerable  array  feldspar. . . 

Sandstone,  fine  grained,  angular 

Sandstone,  quartz  quite  angular,  pink  fragments  of  feldspar 

Sandstone  with  pink  feldspar 

Sandstone,  fine  grained 

Sandstone  with  pink  feldspar 

Sandstone,  much  of  the  quartz  ansrular,  some  feldspar 

Sandstone,  quartz,  mostly  angular,  pink  feldspar  fragments 

Sandstone  with  some  feldspar 

Sandstone,  many  of  the  fragments  of  quartz  angular,  but  some  well 

rounded  

Sandstone,  fine  grained,  most  of  the  quartz  angular,  some  feldspar. 


Thicknesa 
of  strata. 

Total  depth. 

67  feet 
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10 

«• 

1786 

•  4 

6 

•• 

1790 

5 

«• 

1796 

•  1 

89 

•• 

1884 

4* 

17 

1861 

4* 

5 

•< 

1866 

44 

88 

t< 

1894 

19 

•• 

1913 

4. 

23 

«* 

1936 

44 

21 

4« 

1967 

44 

22 

f( 

1979 

44 

4 

<t 

1963 

44 

4 

4* 

1967 

44 

160 

41 

2147 

4« 

85 

•  ( 

2182 

44 

90 

<< 

2272 

44 

5 

•  • 

2277 

44 

5 

<• 

2282 

44 

3 

•  « 

2285 

44 

6 

•  4 

2290 

44 

6 

•  4 

2296 

•  4 

5 

l( 

2301 

44 

2 

•  4 

2803 

44 

2 

>4 

2305 

■  « 

7 

2312 

44 

4 

<« 

2316 

■  • 

5 

14 

2321 

•  4 

2 

t» 

2323 

•  « 

.3 

<4 

2326 

•  ft 

2 

•  1 

2328 

«< 

3 

•  4 

2331 

tt 

47 

•  4 

2378 

** 

10 

•  1 

2388 

ftft 

2 

«« 

2390 

•  4 

22 

4« 

2412 

«4 

As  above  stated,  the  record  of  the  Neodesha  deep  well  was 
made  out  with  great  care  from  a  study  of  samples  of  drill 
cuttings  saved  by  Mr.  Patterson.  As  this  was  entirely  a 
prospect  well,  drilled  by  the  Forest  Oil  Company  expressly  to 
learn  what  there  was  in  that  part  of  the  world,  we  have  every 
reason  to  believe  the  samples  were  kept  with  the  greatest  of 
care,  and  that  probably  they  represent  perfectly  the  forma- 
tions passed  through.  Should  there  be  any  discrepancy  be- 
tween it  and  other  similar  well  records,  discrepancies  greater 
than  can  be  accounted  for  by  changes  of  formations,  it  would 
seem  desirable  to  look  upon  this  record  as  the  more  reliable. 
A  careful  study  of  the  verbal  record  in  connection  with  figure 
2,  plate  XIX,  shows  that  the  formations  passed  through  do  not 
quite  correspond  with  the  formations  exposed  in  Missouri, 
farther  east.  The  13  feet  of  shale  below  the  Mississippian 
limestone,  from  1119  feet  to  1132  feet,  is  similar  to  some  of 
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the  conditions  found  in  Missouri,  in  that  the  Upper' Burling- 
ton, as  spoken  of  by  Shepard  and  Adams,  consists  in  part  of 
a  shaly  limestone.  .This  limestone  from  1090  feet  to  1358 
feet  is  remarkable  for  the  large  amount  of  flint  it  carries,  and 
without  doubt  is  exeedingly  hard  to  drill.  It  corresponds  to 
the  Upper  and  Lower  Burlington.  The  6  feet  ofj;shale  be- 
low this  heavy  bed  of  limestone  may  or  may  not  correspond 
to  the  Hannibal  shales  of  Shepard.  The  96  feet  of  sand- 
stone lying  between  1364  and  1460  feet  is  an  iron-stained 
rock,  which  certainly  was  formed  near  the  surface  where 
Yreathering  action  could  exert  an  influence  upon  it.  It  i& 
a  hard  rock  with  numerous  large  fragments  of  chert.  The 
4  feet  of  limestone,  and  again  the  8  feet  of  limestone  closing 
at  1490  feet,  are  both  quite  arenaceous,  carrying  rounded 
grains  of  sand  in  fairly  great  abundance  for  a  limestone. 
Also,  they  are  somewhat  dolomitic,  but  not  nearly  so  much 
so  as  the  limestone  further  down.  The  99  feet  from  1490  to 
1689  feet  is  much  more  dolomitic  than  the  sandstone  above. 
For  this  reason  it  was  thought  best  to  include  the  upper  sand* 
stone  in  the  Mississippian  and  the  lower  in  the  Devono-Oar- 
boniferous,  although  it  should  be  stated  that  the  line  of 
demarkation  is  somewhat  arbitrarily  drawn,  as  the  evidence 
from  a  six-inch  hole  in  the  ground  by  no  means  is  conclusive. 
The  large  mass  of  dolomitic  limestone  beneath  1589  feet  is 
remarkably  arenaceous  throughout,  which  fact  is  implied  in 
the  drawing  by  tlie  whole  limestone  mass  being  stippled.  In 
some  instances  it  was  difficult  to  draw  an  exact  division  line 
between  the  limestone  and  the  sandstone.  Here  we  have  a 
great  mass  of  interbedded  dolomitic  limestone  and  sandstone 
corresponding  fairly  well  with  the  Silurian  limestone  and  sand- 
stone of  southern  Missouri  and  northern  Arkansas.  Whether 
or  not  any  of  it  is  Devonian  cannot  be  told,  and,  therefore, 
the  name  Devono-Silurian  is  used  in  the  drawing  to  avoid 
arguments. 

One  interesting  and  important  fact  should  be  noted,  namely, 
the  total  absence  of  shale  below  the  1364  feet  level.  The 
Devonian  shales  which  Professor  Van  Hise*^  has  emphasized 
so  strongly  are  entirely  absent,  unless  the  6  foot  body  of 

29.  Van  Hiae.  Prof.  C.  R.:    U.  S.  Geol.  Surv.,  22d  Ann.  Rep.,  part  2,  p.  49.    Washingrton.  1901. 
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shale  noted  at  1364  feet  should  be  the  one.  But  this  is  ex- 
ceedingly doubtful.  In  the  well  at  Cherokee  a  body  of  shale 
10  feet  thick  is  reported  at  353  feet  below  the  top  of  the 
Mississippian.  To  what  this  shale  corresponds  in  the  Mis- 
souri section  is  difficult  to  say,  but  probably  it  is  the  same  as 
the  6  foot  bed  just  mentioned  in  the  Neodesha  well.  The 
record  of  the  well  at  Stone  City  shows  no  shale  whatever, 
although  it  reached  a  depth  sufficient  to  do  so.  Likewise 
the  well  at  Weir  City  shows  none  ;  but  the  Girard  well,  at  a 
depth  of  268  feet  beneath  the  top  of  the  Mississippian,  has 
28  feet  of  shale.  This  again  corresponds  very  well  with 
the  6  feet  of  shale  at  the  base  of  the  Burlington  limestone 
in  the  Neodesha  well,  and  in  the  one  at  Cherokee.  Before  a 
conclusion  is  made,  the  fact  is  very  apparent  that,  with  the 
exception  of  this  one  thin  shale  bed,  no  shale  whatever  has 
been  found  by  any  of  the  deep  wells  a  short  distance  west  of 
the  ore-producing  area. 

A  record  of  the  deep  well  at  Joplin  has  not  been  obtained, 
and  only  a  partial  one  of  the  one  at  Empire  City.  No  trace 
of  shale,  however,  was  reported  from  the  Empire  City  well. 
While  it  is  possible  that  a  small  shale  bed  a  few  feet  in  thick- 
ness may  have  been  passed,  one  can  hardly  believe  that  as 
much  as  six  feet  of  shale  could  have  been  encountered  with- 
out experienced  drillers  reporting  it. 
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CHAPTER  V. 


DETAILED  0E0L007. 


Outlying:  Areas. 

Lead  ores  and  zinc  ores  have  been  found  in  so  many  places 
in  eastern  Kansas  that  it  would  be  improper  to  omit  a  discus- 
sion of  conditions  surrounding  their  occurrence. 

PLBASANTON. 

At  Pleasanton,  where  the  most  important  ore  bodies  have 
been  found,  both  lead  ore  and  zinc  ore  occur  in  the  Coal  Meas- 
ure shales.  Here  there  seems  to  have  been  some  kind  of  a  dis- 
turbance which  produced  a  chimney-like  space  within  which 
the  shale  was  badly  broken  and  opened  up  sufficiently  to  ad- 
mit ground  water.  The  depth  of  this  opening  has  not  been 
determined,  as  mining  has  not  progressed  sufficiently  deep. 
No  one  knows  how  deep  shafting  went  during  the  first  period 
of  mining.  During  the  second  mining  period,  that  of  1873, 
it  is  reported  a  shaft  was  sunk  250  feet,  but  no  one  watched 
it  who  was  capable  of  judging  the  matter  in  hand,  and  conse- 
quently no  information  about  the  broken  condition  of  the 
shale  bodies  could  be  obtained.  In  connection  with  mining 
done  during  the  last  period,  1900  to  1901,  a  shaft  was  sunk 
over  100  feet  deep.  Lead  ore  and  zinc  ore  were  found  in  the 
chimney-like  area  which  constitutes  a  circle  practically  fifty 
feet  across.  Beyond  this  almost  none  was  found.  Quite  an 
excitement  sprang  up,  and  numerous  parties  from  Galena, 
Joplin  and  other  mining  centers  came  in  and  leased  land  and 
prospected  either  with  the  drill  or  by  shafting.  The  pro- 
ductive center  was  entirely  surrounded  in  this  manner  and 
all  the  included  territory  very  well  prospected,  but  nothing 
found  elsewhere  of  any  considerable  value. 

What  the  exact  nature  of  the  disturbance  has  been  and 

(69) 
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how  great  the  results  produced  cannot  be  determined.  No 
marks  are  found  on  the  surface,  and  it  is  certain  there  was 
no  considerable  vertical  displacement.  Regularity  in  the 
stratification  of  the  entire  surrounding  area  is  found  which 
precludes  the  idea  of  any  considerable  disturbance.  Here 
we  have  alternating  beds  of  limestone  and  shale,  so  that 
faulting  or  displacement  of  any  kind  could  be  detected  more 
easily  than'^in  localities  where  only  one  kind  of  rock  exists. 

We  are  in  ignorance  of  the  amount  of  ore  produced  during 
the  first  period  of  prospecting.  During  the  second,  accord- 
ing to  Professor  Mudge,  about  twenty  tons  of  lead  ore  were 
sent  into  the  market.  During  the  third  period  a  small 
amount  of  zinc  ore  was  produced,  and  about  fifteen  tons  of 
lead  ore,  galena,  from  a  depth  of  sixty-five  to  eighty-five  feet, 
which  ore  was  shipped  to  the  Argentine  refinery,  at  Argen- 
tine, Kan.  The  galena  was  of  a  high  grade  of  purity,  was 
not  weathered  or  oxidized  in  the  least,  and  produced  bril- 
liant surfaces  on  the  crystalline  faces,  approximating  in 
brilliancy  fresh  cleavage  surfaces.  This  implied  recent 
deposition,  or  at  least  a  total  absence  of  an  approach  toward 
disintegration  or  weathering.  There  was  no  indication  of 
spring  water  or  artesian  water  rising  in  the  ore  chimney,  but 
everything  implied  that  the  water  present  was  surface  water 
working  downward  in  a  normal  condition. 

LEAVENWORTH    COUNTY. 

A  sufiicient  amount  of  zinc  ore  has  been  found  at  different 
places  in  Leavenworth  county  to  excite  considerable  interest 
at  different  times.  During  the  summer  of  1901  a  number  of 
pieces  of  land  were  leased  lying  a  few  miles  west  of  Reno  and 
a  little  prospecting  done  by  inexperienced  parties.  Zinc  ore 
was  found,  usually  in  calcareous  concretionary  masses  em- 
bedded in  the  shale.  These  disk-shaped  concretions  varied 
in  size  from  six  to  eighteen  inches  maximum  diameter. 
They  had  been  crossed  with  many  fissures,  as  is  frequently 
the  case  with  similar  concretions,  and  the  fissures  literally 
filled  with  zinc  blende.  The  ore  was  found  also  to  a  limited 
extent  in  the  shale  itself,  but  always  in  small  crystals  and 
close  to  concretionary  masses,  or  to  interbedded  limestone. 


Ha  WORTH.]  Detailed  Geology.  71 

Similar  occurrences  of  ore  were  found  in  at  least  half  a  dozen 
different  places  in  the  southern  end  of  Leavenworth  county, 
and  always  with  practically  the  same  condition  of  occurrence. 
No  apparent  local  disturbances  were  observed  and  the  regular 
stratified  condition  of  the  country  rocks  precludes  the  idea 
that  such  disturbances  ever  existed. 

ATCHISON    COUNTY. 

Lead  ore  and  zinc  ore  have  been  reported  from  a  number 
of  different  places  in  Atchison  county.  At  the  Donald  coal- 
mine on  the  bank  of  the  Missouri  river,  two  and  one-half 
miles  below  the  city,  some  ore  was  found  in  connection  with 
the  coal.  The  amount  was  so  small  that  the  coal-miners 
overlooked  it.  But  in  1901  while  the  Sullivan  Machine  Com- 
pany was  drilling  a  prospect  well  for  coal  Mr.  L.  N.  Mor- 
scher,  who  was  stationed  at  the  well  to  receive  the  core  when 
drawn  and  preserve  it  for  this  Survey,  noticed  small  crystals 
of  blende  and  galena  in  the  dump  pile  thrown  from  the  mine. 
During  the  few  weeks  he  was  stationed  there  he  made  a  num- 
ber of  excursions  into  the  mine  and  carefully  examined  the 
walls  in  many  places,  with  the  result  that  he  found  both  ores. 
The  lead  ore  usually  was  with  pyrite,  or  ** sulphur  rock,"  in 
the  coal  itself  or  close  above  it.  The  zinc  ore  was  similarly 
located,  and  also  in  the  shale  above  to  a  distance  of  ten  feet, 
which  was  as  far  above  the  coal  as  cavings  of  the  roof  had 
made  examination  possible.  Some  of  the  crystals  were  from 
one-half  to  three-fourths  of  an  inch  in  diameter,  but  usually 
they  were  considerably  smaller. 

DOUGLAS    COUNTY. 

Lead  ore  and  zinc  ore  have  been  found  in  a  great  many 
different  places  in  Douglas  county.  Small  crystals  of  zinc 
ore  were  found  near  the  State  University  building.  Fairly 
good-sized  crystals  of  both  ores  have  been  brought  to  the 
University  by  farmers  living  six  or  more  miles  to  the  south- 
west of  Lawrence.  During  the  summer  of  1901  such  dis- 
coveries excited  sufficient  interest  to  cause  a  mining  company 
to  be  organized  for  the  purpose  of  mining  in  that  part  of  the 
county.  The  State  Geologist  strongly  discouraged  such  on 
the  ground  that  there  was  not  sufficient  prospect  of  finding 
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ore  in  large  quantities,  and  as  a  result  no  mining  was  done. 
Some  of  the  crystals  of  zinc  ore  were  one  and  one-half  inches 
in  diameter,  and  appeared  to  be  practically  fresh,  with  no  in- 
dications of  oxidation  or  weathering. 

MIAMI   COUNTY. 

Traces  of  lead  ore  and  zinc  ore  have  been  reported  from 
limestone  and  shales  in  many  parts  of  Miami  county,  prin- 
cipally the  western  half.  The  writer  is  not  familiar  with  any 
of  these  from  personal  observation,  but  has  had  reports  of 
the  same  from  a  dozen  or  more  parties  who  were  familiar 
with  the  discoveries.  Similar  reports  have  been  made  from 
Linn  county  also  and  there  is  good  reason  for  believing  that 
both  lead  ore  and  zinc  ore  have  been  found  in  many  places  in 
these  counties,  principally  in  the  western  end. 

BOURBON    COUNTY. 

In  the  northwest  part  of  Bourbon  county  in  the  vicinity  of 
Xenia,  a  sufficient  amount  of  lead  ore  and  zinc  ore  was  found 
a  few  years  ago  to  cause  the  formation  of  a  company  which 
leased  over  2000  acres  of  land  with  a  hope  that  mining  might 
be  conducted  extensively.  Nice  specimens  of  zinc  ore  from 
this  area  have  been  seen  by  the  writer,  although  he  did  not 
see  any  of  them  in  place.  The  ore  is  reported  to  occur  in  the 
shale  and  in  the  limestone.  An  interesting  story  comes  from 
this  part  of  the  country,  which  is  as  follows :  About  thirty 
years  ago  a  farmer  was  digging  a  well  for  the  purpose  of  ob- 
taining water  for  domestic  use.  When  down  about  twenty 
feet  he  came  to  a  ledge  of  galena  which  showed  about  6  inches 
thick  on  one  side  of  the  well.  Not  knowing  what  to  do  he 
consulted  others.  One  man  who  claimed  considerable  ex- 
perience in  mining  at  Joplin  advised  him  to  drift  on  the  ore. 
Another  one  who  claimed  like  experience  in  Colorado  advised 
him  to  sink  farther,  as  he  was  almost  certain  to  open  up  larger 
bodies  with  greater  depth.  The  farmer  finally  drilled  100  feet 
or  more,  beginning  in  the  bottom  of  the  well,  but  found 
nothing.  It  is  doubtful  if  as  large  an  ore  body  was  found  as 
this  story  reports,  and  yet  the  persistency  with  which  it  is 
told  by  citizens,  and  the  occurrence  of  ores  in  places  near  by, 
lead  one  to  believe  that  there  may  be  some  foundation  for 
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the  report.  During  the  summer  of  1903  the  writer  carefully 
examined  the  dump  pile  where  a  well  had  been  sunk  in  the 
extreme  southwest  corner  of  Linn  county  and  succeeded  in 
finding  quite  a  number  of  little  crystals  of  lead  ore  and  zinc 
ore  thrown  out  with  the  shale  while  digging  the  well. 

ANDERSON   COUNTY. 

Lead  ore  and  zinc  ore  have  been  reported  from  many  dif- 
ferent places  in  Anderson  county.  During  the  summer  of 
1904  lead  ore  was  discovered  in  fissures  in  the  limestone  both 
northwest  and  west  of  Garnett,  and  a  company  was  organ- 
ized which  is  now  mining,  or  prospecting,  with  indifferent 
success. 

OSAQB   COUNTY. 

From  two  to  five  years  ago  a  number  of  different  people  in 
the  northeast  corner  of  Osage  county  discovered  so  much  zinc 
ore  that  they  became  mildly  excited  over  the  prospect  of 
opening  up  a  new  mining  district.  Numerous  specimens  of 
this  material  were  examined  and  are  now  in  the  museum  of 
the  State  University.  Zinc  ore  seemed  to  be  much  more 
abundant  than  lead  ore.  Here,  as  in  Leavenworth  county, 
apparently  its  most  favored  place  of  occurrence  was  fissures  in 
calcareous  concretions  embedded  in  the  shale.  Such  concre- 
tions are  quite  numerous  in  many  places  throughout  the  Coal 
Measures  of  Kansas  and  very  generally  carry  more  or  less 
zinc  blende. 

COPFEY    COUNTY. 

In  the  northern  part  of  Coffey  county  in  a  number  of  places 
good-sized  crystals  of  zinc  blende  have  been  found  in  the 
shale  almost  immediately  at  the  surface.  During  the  autumn 
of  1902  Mr.  John  Bennett,  who  has  done  so  much  work  on 
the  Kansas  Geological  Survey,  brought  in  a  fair-sized  bunch 
of  blende  crystals  that  he  picked  up  by  the  roadside  with  al- 
most no  digging,  the  crystals  occurring  in  the  shale  at  a 
place  where  erosion  had  recently  removed  the  soil  and  debris. 
Some  discoveries  have  been  made  in  other  places  in  the  same 
county,  and  also  in  a  number  of  adjoining  counties. 


74  University  Geological  Survey  of  Kansas. 

FLINT    HILLS. 

The  term  "Flint  Hills'*  is  applied  to  the  high  uplands  in 
western  Chautauqua,  Elk  and  Greenwood  counties,  and  eastern 
Butler  and  Cowley  counties.  Lead  ore  and  zinc  ore  have  . 
been  reported  from  many  places  throughout  the  Flint  Hills 
area.  Some  of  these  occurrences  are  known  to  the  writer 
only  by  report — verbal  or  by  letter.  But  a  number  of  small 
and  choice  specimens  of  galena  and  blende  have  been  exam- 
ined, reported  to  come  from  various  places  within  the  Flint 
Hills  area.  Mr.  Allbright,  of  Winfield,  has  preserved  speci- 
mens of  galena  nearly  two  inches  in  diameter  and  of  zinc 
blende  nearly  three  inches  in  diameter,  which  were  obtained 
about  twenty  miles  east  of  Winfield,  or  near  the  summit  of 
the  Flint  Hills.  Samples  of  both  ores  frequently  have  been 
sent  to  the  University  for  identification,  the  writers  stating 
that  they  came  from  this  or  that  place  within  the  Flint  Hills 
area. 

The  above  are  some  of  the  localities  to  which  attention  has 
been  called  most  prominently  as  possible  sources  of  lead  ore 
and  zinc  ore.  It  is  probable  that  similar  discoveries  could 
be  made  in  almost  every  township  in  the  eastern  fourth  of 
the  state.  Apparently  the  shale  beds  contain  vast  quantities 
of  these  ores,  and  the  limestone  a  small  amount.  But  it  is 
likewise  probable  that  nowhere  within  the  entire  Coal  Meas- 
ures of  the  state  ores  will  ever  be  found  in  sufficient  richness 
of  deposit  to  make  mining  profitable. 

GALENA. 

The  principal  kinds  of  rock  found  in  the  Galena  district  are 
Coal  Measure  shales  and  sandstones,  and  limestones  and  flint, 
or  chert  of  Mississippian  age. 

Shales  and  Sandstones, — These  Coal  Measure  rocks  occur 
in  two  distinct  ways :  First,  they  are  found  here  and  there 
sparingly  as  outlying  remnants  or  vestiges  which  erosion  has 
not  yet  removed.  Almost  every  one  who  has  written  on  the 
subject  of  the  geology  of  this  area  has  called  attention  to  this 
fact.  Such  remnants  are  found  occasionally  as  far  east  as 
Green  county,  Missouri,  implying  that  the  Coal  Measure  rocks 
at  one  time  extended  at  least  that  far  east.    Some  authors  have 
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held  that  such  remnants  could  be  preserved  only  by  faulting 
processes  having  dropped  them  beneath  their  normal  level. 
It  is  doubtful  if  this  position  can  be  maintained  in  all  instances, 
but  at  the  same  time  quite  likely  faulting  has  occurred  in 
many  places,  and  has  been  a  factor  in  their  preservation. 
Second,  materials  of  Coal  Measure  shales  and  limestones, 
principally  the  former,  are  preserved  in  numerous  places 
throughout  the  mining  district  in  great  fissures  apparently  as 
though  the  underlying  Mississippian  rocks  were  fissured  while 
the  shales  still  were  present  above,  and  the  shale  material  fell 
into  the  fissures,  more  or  less  completely  filling  them. 

In  the  Empire-Galena  district  one  noted  fissure  of  this  kind 
is  on  the  north  side  of  Short  creek  about  one-fourth  of  a  mile 
southwest  of  the  old  Kansas  City,  Fort  Scott  &  Memphis 
railroad  depot.  Here  a  fissure  trends  northeast  and  south- 
west, and  is  completely  filled  with  shale  material  or  ** slate" 
of  the  miners.  The  fissure  is  about  twenty  feet  wide,  and 
has  an  unknown  depth.  Large  bodies  of  ore  were  found 
on  each  side  of  it,  in  the  fiint  rock  and,  to  a  limited  extent, 
within  the  borders 'of  the  shale  itself.  The  shale  material 
was  badly  disarranged  while  falling  into  the  fissure,  and 
doubtless  some  of  it  was  crumbled  to  dust  and  was  acted 
upon  by  water  within  the  fissure  and  finally  subsided,  pro- 
ducing traces  of  bedded  structure.  But  within  the  shale  bed 
proper  fragments  or  chunks  of  the  original  shale  often  could 
be  found  with  the  original  bedding  planes  lying  at  different 
angles,  clearly  showing  that  the  material  in  question  had 
fallen  in  from  above.  Such  conditions  were  studied  care- 
fully by  the  writer  in  this  fissure  during  the  summer  of  1899. 
Some  fragments  of  the  original  shale  were  found  five  or  six 
feet  in  greatest  diameter  and  many  other  fragments  from  a 
few  inches  to  two  or  more  feet  in  diameter. 

Other  similar  fissures  in  the  district  were  not  studied  so 
carefully,  but  inquiry  from  many  miners  who  dug  into  them 
uniformly  brought  out  statements  that  the  bedding  planes  of 
the  shales  were  all  topsyturvy,  showing  a  fragmental  condi- 
tion of  the  same,  such  as  would  result  from  the  falling  in 
from  above.  Almost  without  exception  shale-filled  fissures 
of  this  kind  were  lined  with  heavy  deposits  of  lead  ore  and 
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zinc  ore,  principally  lead  ore.  A  large  fissure  exists  in  the 
northern  side  of  the  west  end  of  the  eighty  acres  of  land  be- 
longing to  the  South  Side  Mining  Company.  Here  unusu- 
ally large  deposits  of  galena  were  found  on  the  north  side  of 
the  fissure  with  other  ore  bodies  on  the  south  side,  not  so 
definitely  placed.  Another  fissure  similar  to  this  has  a  north- 
east and  southwest  trend  across  town  lots  near  the  west  end 
of  the  same  piece  of  land.  This  is  in  one  of  the  richest  por- 
tions of  the  entire  district  and  long  ago  miners  learned  to 
expect  good  bodies  of  ore  on  one  side  or  the  other  of  the  shale- 
filled  fissure. 

The  presence  of  the  fissures  above  mentioned  can  be  de- 
termined by  the  large  amount  of  shale  material  in  the  waste^ 
or  dump  piles,  at  the  surface.  These  fissures  are  small,  in 
that  they  occupy  but  a  very  small  fraction  of  the  entire  sur- 
face, neither  are  they  always  present  in  the  richest  areas. 
The  one  just  mentioned  on  the  north  side  of  Short  creek  has 
yielded  large  quantities  of  ore,  but  no  more  than  similar 
areas  have  yielded  in  important  places  where  no  such  fissures 
existed,  such  as  the  rich  deposits  in  the  valley  south  of  Short 
creek  where  ore  was  first  discovered,  the  rich  beds  of  ore  in 
North  Empire,  on  the  Mastin  land  southwest  of  Galena, 
on  the  Battlefield  land,  and  other  places  that  might  be 
named.  But  where  the  fissures  occur  the  ore  bodies  are 
piled  up  against  one  side  or  both  in  such  a  way  that  the 
miners  generally  believe  there  was  some  relation  between 
them. 

Limestone. — The  country  rock  throughout  the  entire  lead  and 
zinc  mining  area  is  essentially  a  limestone  belonging  to  the 
Upper  and  Lower  Burlington,  as  pointed  out  in  chapter  IV. 
This  limestone  appears  to  be  well  bedded,  and  doubtless  at 
one  time  was  as  regularly  stratified  as  limestones  usually  are. 
The  thickness  of  the  individual  layers  is  very  variable.  On 
the  east  side  of  Spring  river  at  the  bridge  in  section  3,  north- 
east of  Empire  City,  great  amounts  of  limestone  are  found 
near  the  water's  edge  with  layers  more  than  six  feet  thick. 
Elsewhere  the  individual  layers  are  thin,  and  at  the  surface 
the  seams  between  the  layers  are  filled  with  clay.  Limestone 
usually  is  found  in  all  the  high  hills.     This  is  so  genera^y 
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true  that  broad  uplands  and  high  hills  almost  invariably  have 
limestones  at  their  summits  or  around  their  borders,  or  it  is 
found  by  drilling  or  shafting.  Almost  as  regularly  the  valleys 
have  an  excessive  amount  of  flint  rock.  And  yet  no  general 
statement  of  this  kind  can  be  made  without  numerous  ex- 
ceptions being  taken. 

The  limestone  is  usually  crystalline  throughout ;  in  reality 
is  a  marble.  It  is  used  to  a  limited  extent  as  a  building 
stone  and  for  the  manufacture  of  lime.  It  is  moderately 
pure,  as  the  following  analysis  will  show : 

Chemicax.  Composition  op  Mississippian  Limestone  from  Galena. 

Carbonate  of  lime,  CaCOs 91 .32  per  cent. 

Carbonate  of  magnesia,  MgCOs. 0.80       ** 

Insoluble  in  acids 8.00        ** 

Iron  oxides  and  alumina 0.69        '' 

Total 100.81  per  cent. 

Mining  operations  have  revealed  many  varieties  of  it,  how- 
ever, leaving  it  doubtful  in  some  instances  whether  the  lime- 
stone observed  is  the  primary  or  original  rock,  or  whether  it 
is  a  limestone  largely  worked  over  since  ore  formation  began. 
Sometimes  it  is  found  coarsely  crystalline,  with  individual 
crystals  more  than  half  an  inch  in  diameter.  Such  occur- 
rences usually  are  associated  with  clay  or  mud-filled  fissures, 
and  are  bard  to  drill  and  to  blast,  and  often  are  spoken  of  by  the 
miners  as  ' '  bastard  granite . ' '  Probably  all  of  the  * '  granite , ' ' 
so  frequently  mentioned  by  miners,  is  a  rock  of  this  kind ; 
that  is,  a  rock  which  is  hard  to  drill  because  it  is  so  tough, 
and  hard  to  blast  because  it  is  not  very  brittle. 

Flint  or  Chert. — The  flint  of  the  mining  district  is  a  very 
interesting  rock,  and  in  some  respects  the  most  important 
one  found.  It  has  been  described  by  so  many  writers  that  it 
would  almost  seem  a  detailed  description  here  is  unnecessary. 
And  yet  it  is  so  varied  in  its  character  and  mode  of  occurrence 
that  no  one's  description  has  been  too  long.  There  are  two 
or  more  distinct  kinds  of  this  chert.  The  first  is  light  in 
color  and  is  generally  spoken  of  as  primary  chert,  because, 
evidently,  it  was  formed  before  any  ore  formation  began. 
The  other  is  frequently  spoken  of  as  secondary  chert  because 
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it  was  formed  after  ore  formation  began,  or  simultaneously 
with  it. 

Primary  Chert. — Primary  chert  is  light  in  color  and  bears 
many  evidences  of  having  been  produced  simultaneously  with 
limestone.  Its  abundance  is  very  great,  so  great  in  fact  that 
few,  if  any,  geologists  have  comprehended  how  great  it  is.  It 
is  found  in  places  interbedded  with  limestone  as  regularly  as 
one  rock  is  ever  interbedded  with  another.  Elsewhere  it  is 
found  in  large  masses  which  seem  to  cut  across  the  bedding 
planes  and  occupy  a  vertical  position  in  many  individual  lime- 
stone horizons,  extending  downward  even  for  hundreds  of 
feet  from  the  surface  without  any  interruption.  The  largest 
beds  of  chert  known  anywhere  in  the  southwest  mining  dis- 
trict are  found  at  Galena,  where  a  single  chert  body  has  a 
north  and  south  trend  from  northern  Empire  to  Shoal  creek 
at  the  Standley  diggings,  a  distance  of  fully  four  miles.  The 
width  is  variable,  but  is  at  least  three  miles  in  the  widest 
place.  Its  thickness  is  unknown,  as  no  shaft  has  passed  en- 
tirely through  it,  and  the  only  well  drilled  in  it,  a  water  well 
at  Empire  City,  was  drilled  without  a  sufficiently  accurate 
log  or  record  being  kept  to  give  us  definite  information.  The 
drillers  told  the  writer  that  they  had  practically  nothing  but 
chert  and  a  little  limestone  the  entire  depth  of  the  well,  which 
is  in  round  numbers  1000  feet  deep.  Shafts  have  been  sunk 
over  150  feet  in  depth  with  the  same  general  conditions  at  the 
bottom  and  top.  Probably  this  is  the  largest  individual  chert 
mass  in  the  world. 

Chert  areas  grade  into  limestone  areas  laterally  in  a  variety 
of  ways,  the  most  common  being  a  gradation  by  which  each 
rock  is  divided  up  into  layers  that  overlap  each  other,  thus 
permitting  the  two  masses  to  join  a  little  like  the  several 
bones  of  the  human  skull  are  united,  or  like  the  fingers  of 
the  two  hands  may  be  passed  by  each  other.  In  this  way  it 
is  impossible  to  locate  the  exact  line  of  demarkation  between 
a  fiint  or  chert  area  and  a  limestone  area.  Frequently  the 
tongues  of  flint  assume  concretionary  or  rounded  masses  pro- 
ducing odd-shaped  bodies  elliptdcal  in  general  outline.  Often 
concretions  have  a  cavity  along  the  axial  or  central  line,  as 
though  the  silica  of  the  flint  was  segregated  around  some 
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object,  such  as  the  root  of  a  plant,  which  was  subsequently 
removed,  leaving  an  opening.  Such  rounded  masses  are 
variable  in  size  and  shape,  and  frequently  are  banded  in 
structure,  showing  that  concretionary  rings  differed  in  color 
sufficiently  to  make  themselves  noticeable.  They  vary  in 
size  from  that  of  two  inches  or  less  in  minimum  diameter  to 
a  maximum  of  two  to  three  feet.  These  jug-shaped  bodies 
are  exceedingly  abundant  on  all  border  lines  where  the  two 
kinds  of  rock  come  together,  and  are  now  found  in  great 
abundance  in  hills  composed  of  residual  matter  in  so  many 
parts  of  the  district.  In  early  days  miners  often  spoke  of 
them  as  ''mineral  eggs,"  which  implies  that  they  recognized 
some  relation  between  them  and  ore  bodies. 

Border  lines  between  the  flint  and  limestone  by  no  means 
are  composed  entirely  of  concretionary  masses,  but  masses  of 
different  shapes  and  of  many  sizes  also  are  found.  The 
''open  ground"  of  the  miner  consists  principally  of  these 
odd-shaped  rocks  in  representative  flint  masses  left  behind 
as  a  residuary  mass  after  meteoric  waters  dissolved  out  the 
interbedded  limestone,  allowing  insoluble  bodies  of  flint  to 
settle  themselves  together  with  all  irregularities  imaginable. 

Both  primary  and  secondary  flint  often  contain  fossils,  or 
rather  the  cast  of  fossils,  from  which  the  calcareous  shells 
themselves  have  been  removed  by  solution.  Also,  they  are 
full  of  fractures,  the  fractures  being  so  numerous  and  so 
varied  that  widely  different  results  are  produced.  The  most 
noticeable  feature  of  this  is  the  great  abundance  of  fractures, 
large  and  small.  The  writer  has  repeatedly  stated  that  no 
piece  of  flint  has  yet  been  found  from  which  a  cube  six  inches 
in  diameter  could  be  obtained  which  did  not  have  one  or 
more  fracture  planes  crossing  it.  Such  a  statement  has  been 
made  to  hundreds  of  different  miners  and  mine  operators  and 
prizes  offered,  but  to  date  no  such  piece  has  been  found. 
The  fractures  in  general  are  irregular,  passing  in  different 
directions,  both  vertically  and  horizontally.  But  there  seems 
to  be  a  great  preponderance  of  vertical  seams  over  horizontal 
ones.  In  many  places  the  vertical  seams  have  divided  the 
rock  into  long,  slender  fragments  which  in  a  crude  way  imi- 
tate knife  blades.     This  has  given  rise  to  the  term  "butcher- 
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knife  flint,"  commonly  used  throughout  the  Galena  district. 
Pieces  of  flint  are  sometimes  found  from  twelve  to  eighteen 
inches  in  length  and  from  two  to  three  in  width  and  a  thick- 
ness but  little  more  than  an  inch  at  one  side  and  tapering  to 
an  edge  at  the  other.  Irregularity  of  fracture  produces 
many  fancy-shaped  fragments  with  variously  curved  edges 
and  delicately  formed  points. 

Again,  flint  is  broken  by  fractures  into  all  manner  of  frag- 
ments which  have  not  been  removed  from  place.  The  frag- 
ments vary  in  size  from  a  fraction  of  an  inch  maximum 
diameter  to  three  and  four  inches.  These  masses  may  be 
many  feet  or  yards  in  extent  or  only  a  small  fraction  of  that 
size.  Miners  have  applied  the  term  ** hog-chawed  flint"  to 
this,  a  term  somewhat  lacking  in  elegance,  perhaps,  but  one 
of  wide  usage.  The  concretionary  masses  likewise  are  frac- 
tured, often  to  such  an  extent  that  one  cannot  be  loosened 
from  the  ground  without  falling  into  half  a  dozen  or  more 
fragments.  Over  the  wide  area  covered  by  flint  rock  in  Ga- 
lena, above  described,  these  varieties  of  fracturing  are  found, 
some  of  them  prevailing  at  one  place  and  some  at  another. 

In  addition  to  the  lesser  fracturing  just  described,  in  some 
places  there  is  an  approach  towards  the  systematic  arrange- 
ment of  the  larger  fractures.  Wherever  such  can  be  ob- 
served they  seem  to  have  a  prevailing  direction  of  northeast 
and  southwest.  By  this  is  not  meant  the  principal  mineral 
runs,  for  they  may  have  this  direction,  or  may  not,  as  will 
be  discussed  later.  The  northeast  and  southwest  trend,  cor- 
responding to  the  ** four-o'clock  lead"  of  the  miner,  is  no- 
ticeable in  the  principal  fissures  of  the  limestone  as  well,  and 
doubtless  had  the  same  origin. 

Secofidary  Flint, — Throughout  the  entire  raining  region  a 
large  amount  of  siliceous  material  is  deposited  in  the  fissures 
of  the  primary  flint,  cementing  the  fragments  together  in  a 
very  interesting  manner.  This  secondary  flint  is  quite  vari- 
able in  composition,  sometimes  being  almost  pure  silica  having 
a  banded  structure,  and  again  being  sufficiently  charged  with 
difl'erent  varieties  of  ore  and  earthy  material  to  give  it  a  great 

variety  of  color,  with  dark  predominating. 
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The  secondary  flint  usually  contains  ore  and  in  many  places 
well-shaped  crystals  of  galena  or  blende  are  embedded  in  it, 
showing  that  it  was  formed  almost  simultaneously  with  the 
ore  crystals  or  at  a  somewhat  later  time.  Plates  VIII  to  XV 
illustrate  this  peculiar  combination  of  the  two  kinds  of  flint 
and  to  a  certain  extent  the  relation  between  the  ore  and 
the  secondary  flint.  Cavities  from  which  ore  crystals  have 
been  dissolved  are  abundant  in  places  where  ground  water 
is  now  dissolving  the  ore,  as  is  shown  in  plate  XVI.  It  is 
probable  that  the  secondary  flint  is  still  forming  at  the  present 
time.  In  many  places  we  find  it  wholly  or  partly  surround- 
ing beautiful  garnet-like  crystals  of  blende  which  have  all  the 
appearance  of  very  recent  growth.  Brilliant-faced  crystals 
of  galena  are  occasionally  found  almost  covered  by  a  deposit 
composed  principally  of  minute  grains  of  quartz  with  a  suf- 
ficient amount  of  cementing  material  to  hold  them  together. 
During  the  spring  of  1895  some  choice  museum  material  was 
found  in  the  Chitwood  Hollow  mines,  composed  of  brilliant 
galena  crystals,  some  of  which  were  partly  covered  with 
small  calcite  scalenohedrons  and  others  largely  covered  with 
these  sand-like  masses  which  apparently  are  still  forming. 

The  secondary  chert  is  in  reality,  therefore,  a  gangue  ma- 
terial associated  with  the  ores  and  is  related  to  them  in  age 
similar  to  other  gangue  materials  in  difi'erent  mineral  veins. 
Its  hardness  varies  with  its  composition,  so  that  in  many 
instances  it  is  almost  if  not  quite  as  hard  as  the  primary 
flint.  The  firmness  with  which  it  cements  together  fragments 
of  the  primary  flint  is  correspondingly  variable.  It  may 
hold  them  so  securely  in  place  that  fractures  produced  by 
earth  movements  break  through  the  primary  flint  rather  than 
to  separate  them  from  the  secondary.  Ore  masses  likewise 
are  held  in  the  firm  grasp  of  the  gangue  material  and  break 
accordingly. 

It  should  not  be  understood  that  all  the  cavities  between 
fragments  of  primary  flint  are  thus  cemented,  for  in  the 
richest  mines,  where  ore  is  most  abundant,  the  ore  itself 
partly  or  wholly  fills  the  cavities,  sometimes  to  the  entire  ex- 
clusion of  secondary  flint.  In  other  places,  and  in  fact  most 
commonly,  secondary  flint  is  so  abundant  that  the  ore  is  held 
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within  it.  In  such  cases  milling  processes  are  difficult,  as 
the  solid  rock  is  hard  to  crush,  and  must  be  ground  to  a 
comparatively  fine  powder  in  order  to  set  free  small  particles 
of  granules  of  ore  so  intimately  mixed  with  the  gangue.  The 
so-called  open  ground  and  bouldery  ground  are  places  where 
secondary  material  is  not  abundant,  but  masses  of  primary 
Hint  of  different  size  and  shape  may  happen  to  occur  here 
lying  loosely  together,  having  cavities  filled  with  ore.  On 
account  of  the  absence  of  a  strong  cementing  material  the 
ground  is  open  so  that  water  can  pass  freely,  and  mine  water 
is  correspondingly  troublesome,  and  extensive  timbering  is 
necessary  to  hold  up  the  roof  of  the  mine.  This  condition  is 
most  characteristic  of  the  border  areas  between  heavy  Hint 
beds  and  limestone,  so  well  represented  at  the  Bonanza  dig- 
gings along  Short  creek. 

Similar  results  are  found  in  places  where  primary  flint  is 
very  badly  fractured  into  small  fragments  with  open  spaces 
sufficient  to  permit  accumulation  of  profitable  ore  bodies. 
In  such  cases  ore  is  distributed  in  small  granules  through 
the  open  spaces  and  mining  is  conducted  with  considerable 
hazard  on  account  of  the  loose  condition  of  the  roof,  absence 
of  cementing  material  being  noted.  Along  upper  portions  of 
Cooper  Hollow  near  the  state  line  east  of  Galena  are  good 
illustrations  of  this  kind.  Here  large  bodies  of  primary  flint 
were  fractured  to  an  excessive  degree  and  zinc  ore  deposited 
in  the  fractures,  so  that  almost  every  cubic  yard  carried  from 
five  to  ten  per  cent,  of  blende.  No  sooner  was  an  adit 
driven,  however,  than  the  roof  began  falling  a  little  at  a 
time,  principally  where  the  ground  was  the  most  open  and 
water  the  most  abundant.  Practically  no  secondary  chert 
exists  here,  and  the  ore  itself  is  so  easily  broken  that  it  serves 
as  a  poor  cement.  Less  than  a  mile  to  the  west,  particularly 
on  the  ground  of  the  South  Side  Mining  Company,  secondary 
chert  is  unusually  abundant,  with  the  result  that  the  ground 
is  excessively  hard  and  timbering  the  mine  unusually  easy. 
Here  large  rooms  are  opened  up  from  fifty  to  seventy-five 
feet  across  from  wall  to  wall  and  the  roof  holds  with  perfect 
safety.  In  fact,  large  portions  of  the  east  part  of  Galena  it- 
self are  undermined  without  any  apparent  danger. 
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The  abundance  of  this  secondary  flint  is  difficult  to  com- 
prehend by  one  not  familiar  with  the  mines.  Travel  where 
you  will  throughout  the  entire  Galena-Joplin  area  and  the 
great  mass  of  the^dump^piles,  aggregating  so  many  millions 
of  cubic  yards,  is  composed  almost  entirely  of  the  primary 
flint  fragments  cemented  together  by  the  variously  colored 
secondary  flint.  Its  abundance  is  measured  only  by  the 
abundance  of  the  primary  flint[already  described. 

Structure. 

The  general  structure  of  the  limestone  and  flint  in  the 
Galena  mining  district  has  been  hinted  at  already.  Broadly 
speaking  it  is  a  stratified  structure,  with  the  limestone  and 
flint  intimately  interbedded.  Here  and  there  large  masses  of 
flint  seem  to  interrupt  or  destroy  the  bedded  structure,  leaving 
little,  if  any,  approach  to  common  bedding.  Such  is  par- 
ticularly the  case  in  the  central  part  of  the  Galena  district, 
that  is,  along  Short  creek  valley  between  Empire  and  Galena, 
and  practically  throughout  the  entire  hill  on  which  Galena 
rests,  and  southward  to  the  Standley  diggings  on  Shoal  creek. 
So  far  as  the  writer  has  observed  from  a  study  of  underground 
conditions,  bedding  has  been  either  so  exceedingly  rare  here, 
or  spaces  between  the  layers  so  completely  filled  with  other 
material,  that  the  bedding  structure  cannot  be  observed  at 
all  or  only  to  a  limited  degree.  But  eastward,  practically 
throughout  the  southeast  corner  of  the  eighty  acres  belonging 
to  the  South  Side  Mining  Company,  great  masses  of  flint  are 
bedded  one  layer  above  the  other,  with  spaces  between  the 
layers  more  or  less  completely  filled  with  zinc  ore.  In  one 
mine  operated  by  Col.  W.  B.  Stone  some  years  ago,  this  was 
so  noticeable  that  masses  of  zinc  ore  when  lifted  to  the  sur- 
face seemed  to  show  broad  bedded  structure  on  account  of 
their  having  been  produced  in  the  spaces  between  the  layers 
of  flint.  What  caused  such  openings  was  difficult  to  deter- 
mine. To  a  limited  extent  the  vertical  seams  in  the  flint  are 
filled  with  ore  also,  showing  that  they  antedate  the  ore  bodies. 
But  here  the  vertical  fractures  were  not  nearly  so  numerous 
as  in  other  places,  and  comparatively  large  pieces  of  flint  rock 
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produced  some  way  in  connection  with  earth  movements  which 
produced  the  Ozark  uplift.  The  distance  between  the  coal 
fields  and  the  Empire-Galena  mining  district  is  about  fifteen 
to  eighteen  miles  on  a  straight  line,  with  a  number  of  out- 
lying mining  camps  still  nearer  the  coal  fields.  It  would 
seem  that  the  influence  of  earthquake  movements  connected 
with  the  Ozark  uplift  were  most  vigorous  within  the  Ozark 
area  proper  and  that  they  gradually  diminished  in  intensity 
outward  radially  from  the  center  of  disturbance.  Attention 
has  already  been  called  to  this  subject*^  by  the  writer,  when  it 
was  shown  that  the  great  mass  of  ore  surrounds  the  borders 
of  the  Ozark  dome  with  only  occasional  ore  bodies  on  or  near 
the  summit.  It  was  suggested  that  fractures,  perhaps,  were 
more  numerous  in  peripheral  areas  than  elsewhere.  These 
fractures  in  the  coal  mining  area  tend  to  confirm  such  views, 
and  also  have  an  important  bearing  on  the  general  character 
of  the  fractures  and  the  extent  of  vertical  displacement. 

The  most  complicated  structure  in  the  Galena  district  is  in 
the  area  called  '*open  ground."  Here,  apparently,  there  is 
no  regularity  to  the  rock  formations,  but  various  rock  masses 
of  primary  and  secondary  flint  exist  in  utter  confusion  of  po- 
sition. As  already  shown  such  areas,  with  no  known  excep- 
tion, occur  at  or  near  the  border  lines  between  flint  masses 
and  limestone,  where  it  seems  reasonable  to  suppose  the  for- 
mations were  composed  of  alternating  layers  of  the  two.  Sub- 
sequent to  fracturing  which  admitted  water  so  much  more 
readily  than  elsewhere,  the  limestone  was  dissolved  and  in 
most  cases  entirely  removed,  allowing  residual  flint  masses 
to  keep  whatever  positions  they  happened  to  assume  by  the 
removal  of  the  limestone.  This  style  of  structure  is  most 
noted  in  the  following  places : 

Firsty  Bonanza.  Bonanza  is  situated  on  either  side  of 
Short  creek,  a  short  distance  west  of  Galena  or  Empire  City. 
Here  Short  creek  apparently  breaks  through  a  line  of  hills 
on  its  way  to  Spring  river.  Its  valley  or  flood  plain  is  very 
narrow  at  the  narrowest  point,  not  exceeding  300  to  400  feet 
in  width.  To  the  east  of  Bonanza  the  hills  on  either  side  are 
large,  solid  masses  of  flint  rock.     The  hills  on  each  side  in 
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the  western  part  of  Bonanza  are  limestone.  The  hill  on  the 
south  is  composed  of  undisturbed  layers  of  the  limestone. 
That  on  the  north  is  not  quite  so  continuous  limestone,  but 
here  and  there  lesser  flint  areas  are  found,  which  by  shaft- 
ing are  proved  to  be  as  badly  disturbed  as  the  so-called  open 
ground.  Along  the  creek  at  present  everything  is  flint  rock 
and  the  worst  kind  of  open  ground  known  in  the  entire  dis- 
trict. 

Second,  the  Central  Mining  Company.  Another  place 
where  this  peculiar  open  structure  is  noticeable,  but  where 
the  ground  is  so  nearly  free  from  water  that  caving  is  not 
bad,  is  on  the  J.  M.  Cooper  land  operated  by  the  Central 
Mining  Company,  in  the  east  half  of  the  southeast  quarter  of 
section  22,  southwest  of  Galena.  The  mining  here  is  carried 
on  at  a  depth  of  from  70  to  100  feet.  Part  of  the  ground  is 
comparatively  firm  flint  rock  with  the  usual  number  of  frac- 
tures in  it  making  the  spaces  for  ore  bodies.  Other  parts  of 
it  are  composed  almost  entirely  of  fragments  which  have 
fallen  together  after  small  bodies  of  limestone  were  dissolved 
out.  As  one  travels  through  underground  openings  here 
changes  in  the  kind  of  rock  become  very  noticeable  and  in- 
teresting. To  the  west  of  this  area  is  a  small  limestone  hill, 
separating  the  land  of  the  Central  Mining  Company  from 
the  Mastin  land  on  the  adjoining  eighty  acres.  The  ground 
approaching  the  limestone  hill  is  very  largely  a  mass  of  con- 
cretionary boulders  and  fragmental  flint  fallen  together  with 
the  greatest  of  irregularity.  For  some  reason  ground  water 
is  not  bad  here,  and  therefore  the  mines  are  worked  without 
much  danger  of  caving.  But  the  structural  conditions  are 
practically  identical  with  those  at  Bonanza. 

Third,  Cooper  hollow.  Along  the  upper  part  of  Cooper 
hollow,  west  of  the  state  line,  the  mining  area  is  bordered 
both  north  and  south  by  limestone  hills,  and  here,  as  else- 
where under  same  conditions,  the  flint  rock  is  very  badly 
fractured  and  the  ground  correspondingly  open.  Concre- 
tionary forms  are  not  so  noticeable  here  as  in  the  two  places 
last  named,  but  otherwise  the  structure  is  quite  the  same. 

Fourth,  North  Empire.     Unusually  rich  ore  beds  found  in 
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the  valley  in  North  Empire  attracted  a  large  number  of  work- 
men who  produced  a  large  quantity  of  ore  in  a  very  short 
time.  To  the  south  of  this  valley  is  the  main  Empire  City 
hill  which  carries  limestone  in  places  and  elsewhere  is  almost 
entirely  flint.  To  the  north  is  a  hill  which  develops  into  a 
broad  upland  stretching  away  to  the  north  with  almost  un- 
broken continuity  to  the  Gracie  Clark  mine,  an  area  more 
than  a  mile  away.  The  structure  in  the  North  Empire  valley 
is  quite  varied.  In  some  places  the  flint  rock  is  moderately 
well  bedded,  as  is  so  well  shown  in  certain  parts  of  the  Little 
Coon  mine.  Elsewhere  the  ground  is  very  open,  water 
abundant,  and  excessive  timbering  is  necessary.  Probably 
more  timbering  per  square  acre  was  required  in  this  place 
than  anywhere  in  the  vicinity  of  Galena  outside  of  Bonanza. 
Concretionary  masses  are  not  so  abundant  here  as  in  the  first 
two  places  named,  but  they  are  frequently  found,  and  that 
most  generally  on  the  borders. 

There  is  a  certain  relation  between  these  flint  areas  and 
surface  features.  The  comparatively  narrow  bodies  of  flint 
which  grade  into  limestone  on  either  side,  as  has  already 
been  explained,  almost  invariably  occupy  the  low  ground  of 
ravines  and  creeks.  The  largest  hills  and  the  largest  bodies 
of  broad  uplands  usually  are  limestone.  It  would  seem  that 
in  some  way  the  dissolving  power  of  ground  water  was  more 
active  along  creek  valleys  than  elsewhere  and  that  the  loca- 
tions of  creeks  have  been  determined  to  a  great  measure  by 
such  dissolving  and  settling.  In  this  way  underground  open- 
ings were  produced,  a  necessary  prerequisite  for  ore  accumula- 
tion. Where  comparatively  large  areas  are  composed  entirely 
of  flint  rock  a  smaller  mass  of  limestone  existed  for  solution, 
and  consequently  a  lesser  amount  of  contraction  resulted 
therefrom.  Such  large  flint  bodies  occupy  uplands  and  high 
ground  somewhat  similar  to  the  way  large  limestone  bodies 
do.  Whether  or  not  this  explanation  is  correct,  it  is  a  mat- 
ter of  observation  throughout  the  Galena  district,  and  to  a 
great  extent  throughout  the  entire  Joplin  area,  that  creeks 
flow  over  flint  rock  more  or  less  disarranged  from  the  re- 
moval of  liniestone  from  between  the  flint  masses.  This  is 
further  evidenced  from  the  notion  mining  men  have  of  where 
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to  prospect.  Invariably  the  prospector  wishes  to  operate 
along  the  sunken  ravines  and  valleys  which  to  a  degree  seem 
to  have  been  produced  by  a  settling  or  subsiding  of  the 
surface.  This  is  true  to  so  great  an  extent  that  the  writer 
on  different  occasions  has  had  his  attention  called  to  it  in 
other  parts  of  the  state.  The  valley  of  a  small  creek  or 
stream  similar  to  valleys  in  the  mining  district  just  described 
has  been  pointed  out  in  different  places  throughout  Missouri 
and  Kansas,  with  a  statement  that  Mr.  So-and-so,  a  '*  prac- 
tical Joplin  miner,"  advised  prospecting  for  lead  and  zinc  ore 
here  on  account  of  the  lay  of  the  ground. 

Origrin  of  Fractures. 

Fractures  described  in  previous  pages  have  had  an  origin 
subsequent  to  the  solidification  of  the  flint  and  previous  to 
accumulation  of  the  ores  and  secondary  Hint.  It  seems 
probable  that  they  originated  in  connection  with  earth  move- 
ments which  produced  the  Ozark  dome,  although  some  may 
be  much  older.  The  general  result  produced  by  such  move- 
ments was  the  uplifting  of  an  elliptical  area,  producing  a 
structure  approaching  the  monoclinal  type  so  common  in 
America.  That  is  to  say,  the  process  produced  a  stretching 
of  the  surface  rather  than  a  contraction.  This  is  shown  in 
many  places.  The  wide  fissures  now  filled  with  Coal  Meas- 
ure shales  are  evidence  of  it,  as  are  also  the  various  ''horse- 
backs" in  coal  fields  near  by  to  the  northwest.  This 
stretching,  or  surface  increase,  with  the  consequent  periph- 
eral tension  faults,  was  described  by  the  writer^^  in  connec- 
tion with  a  discussion  on  the  geological  position  of  ore  bodies 
surrounding  the  Ozark  dome.  Adams '^  apparently  mis- 
understands this  reference,  as  he  objected  to  it  on  the  ground 
that  there  was  no  evidence  of  an  intrusion  of  sufficiently 
large  masses  of  molten  material  to  produce  the  elevation,  and 
this  in  the  face  of  the  fact  that  the  entire  paper  was  written 
mainly  to  show  that  the  ore  bodies  of  the  Ozark  area  origi- 
nated independently  of  heat  phenomena  I 

Flint  is  so  brittle  that  under  most  circumstances  it  has 
fractures  produced  in  it  without  any  apparent  fracture  of  ad- 
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jacent  limestone.  This  is  well  illustrated  in  many  places  in 
southeast  Kansas  where  flint-bearing  limestones  have  been 
dissolved  by  surface  action  setting  free  the  included  flint 
nodules.  Usually  they  are  more  or  less  fractured,  it  being 
the  exception  rather  than  the  rule  that  a  concretion  two 
inches  in  diameter  is  set  free  without  having  itself  broken 
into  two  or  more  fragments.  The  gravel  beds  so  common 
over  the  entire  southeast  part  of  the  state  have  been  formed 
by  the  accumulation  of  flint  nodules  thus  set  free,  and 
fragments  are  vastly  more  abundant  than  pieces  which  are 
unbroken.  If  large  and  small  Hint  masses  embedded  in  lime- 
stone are  so  fractured  in  the  Coal  Measures  of  Kansas  where 
earth  movements  have  been  so  limited,  what  might  we  ex- 
pect from  areas  where  earth  movements  have  been  sufficient 
to  produce  the  great  number  of  large  fissues  and  faults  of 
the  Ozark  area?  The  excessive  abundance  of  flint,  therefore, 
certainly  has  had  much  to  do  with  the  Assuring  of  the  min- 
ing region. 

It  can  hardly  be  supposed  that  the  thin  veneering  of  strati- 
fied rocks  overlying  deeper-seated  crystallines  has  had  much 
of  an  influence  in  weakening  the  outer  part  of  the  earth  so 
that  elevations  or  depressions  could  be  produced.  But  it 
seems  reasonable  to  suppose  that  when  the  Ozark  elevation 
was  brought  about,  and  the  surface  stretching  of  strata  re- 
sulting therefrom,  then  the  stratified  rocks  would  yield  where 
weakest,  and  would  be  weakest  where  most  fractured,  and 
would  be  most  fractured  where  flint  beds  exist  most  abun- 
dantly. In  this  way  many  fissures  even  scores  of  feet  in 
width  may  have  been  produced  by  a  certain  slipping  of  on© 
stratum  upon  another,  or  one  formation  upon  another,  due  to 
the  stress  placed  upon  them.  There  rs  little  evidence,  there- 
fore, that  such  fissures  have  any  considerable  depth.  Ver- 
tical displacements,  of  course,  unless  confined  entirely  to 
the  stratified  veneering,  must  have  been  produced  by  move- 
ments in  the  deeper  lying  massive  rock.  Slight  displace- 
ments of  ten,  twenty  or  even  fifty  feet  may  have  resulted 
from  uneven  decrease  in  thickness  of  strata  due  to  solution 
processes,  as  already  explained.  It  is  possible,  therefore,  to 
explain  the  greater  proportion  of  fracturing  and  faulting  of 
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strata  by  taking  cognizance  of  well-established  changes  within 
the  stratified  rocks  themselves.  A  total  absence  of  what  may 
be  called  thd  hot- water  or  fumarole  minerals  within  the  entire 
zinc  fields  is  a  fact  which  should  not  be  overlooked,  and  it 
grows  in  importance  the  more  it  is  considered.  If  the  mild 
disturbances  were  accompanied  by  deep  fissuring,  that  is,  pro- 
duction of  fissures  which  extend  far  below  the  surface  of 
underlying  crystalline  rocks,  how  can  we  explain  the  total 
absence  of  hot  water  minerals?  It  is  true  we  find  a  little 
quartz  here  and  there,  and  a  great  mass  of  secondary  fiint  or 
chert  which  has  been  deposited  from  solution.  But  it  is 
further  true  that  we  have  a  total  absence  of  every  other 
mineral  recognized  as  usually  associated  with  quartz  pro- 
duced by  ascending  hot  waters  from  great  depths.  It  may 
be,  therefore,  that  the  large  amount  of  secondary  fiint  shows 
us  how  the  almost  insignificant  amount  of  quartz  could  have 
originated,  namely,  from  cold  solutions. 

By  way  of  summary  it  may  be  stated,  therefore,  that  the 
most  apparent  cause  of  the  very  unusual  fracturing  in  the 
Galena-Joplin  district  is  the  unusual  amount  of  fiint  associa- 
ted with  the  limestone,  in  connection  with  earth  movements 
which  produced  the  Ozark  dome  with  its  gently  sloping  sides. 
This  earth  movement  required  a  stretching  of  the  stratified 
rocks,  which  was  brought  about  by  breaking  them  asunder 
in  many  places  so  as  to  produce  the  extra  surface  measure- 
ments. Such  yieldings  occurred  most  abundantly  where 
fractures  already  existed,  that  is,  where  flint  is  most  abun- 
dant, and  the  stratified  formations  were  thus  pulled  asunder 
and  stretched,  relieving  existing  tension.  This  permitted  an 
extra  infiux  of  surface  water  which  dissolved  large  portions  of 
the  interbedded  limestone,  probably  intensifying  the  disturb- 
ances already  produced  by  causing  unequal  vertical  contrac- 
tion, thereby  intensifying  the  fissures,  greatly  enlarging  some 
of  them,  and  producing  numerous  lesser  vertical  displace- 
ments or  faults. 

Grouiul  Water, 

One  of  the  most  important  matters  connected  with  mining 
operations  is  that  of  water.  This  subject  naturally  divides 
itself  into  three  classes  :    First,  water  to  be  used  on  the  sur- 
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the  management  of  the  Mastin  land  changed,  and  a  deep 
shaft  was  sunk  on  the  ground  to  be  used  as  a  pumping  shaft. 
When  it  was  completed  and  pumps  installed  the  McCann 
pumps  stopped.  It  was  then  found  that  the  new  pumping 
shaft  would  not  drain  the  land  immediately  adjoining  it 
nearly  so  well  as  the  McCann  pumps  quite  a  distance  away. 

The  explanation  of  the  above-mentioned  conditions  is  simple. 
The  McCann  shaft  happened  to  be  located  in  open  ground, 
that  is,  ground  which  permitted  water  to  flow  through  it  with 
but  little  resistance.  By  the  action  of  the  pumps  water  was 
kept  down  to  a  level  of  approximately  150  feet  below  the  sur- 
face, and  almost  all  the  water  from  surrounding  territory 
drained  into  this  shaft.  The  new  pumping  station  happened 
to  penetrate  a  piece  of  ground  which  was  not  very  open,  and 
consequently  water  from  the  surrounding  territory  could  not 
drain  into  the  new  shaft  rapidly  enough  to  keep  it  from  rising 
in  a  general  way  throughout  the  entire  area  of  the  Mastin 
land  and  adjoining  properties.  This  diversity  of  under- 
ground conditions  is  so  marked  and  so  well  known  in  different 
parts  of  the  mining  district  that  it  accounts  for  many  con- 
flicting stories  regarding  ground  water. 

Where  does  mine  water  come  from?  This  is  a  question 
that  has  been  asked  many  times,  and  its  answer  has  been 
used  in  connection  with  difl*erent  theories  regarding  the  ori- 
gin of  ore  deposits.  Van  Hise  and  Bain*  treat  the  subject 
as  though  practically  all  the  ground  water  throughout  the 
entire  Galena-Joplin  mining  area  came  from  the  underlying 
Silurian,  carried  westward  from  a  catchment  area  on  the 
high  Ozark  uplands  in  the  vicinity  of  Cedar  Gap,  east  of 
Springfield,  where  the  stratas'are  exposed  at  the  surface. 
It  can  hardly  be  believed  they  mean  this  to  be  as  nearly  uni- 
versal as  their  writings  imply.  Bain  even  goes  so  far  as  to 
attribute  to  this  source  the  water  of  various  springs,  such  as 
Cave  Springs  and  other  springs  in  the  vicinity  which  clearly 
supply  surface  water.  It  is  contended  by  both  of  them  that 
local  rains  have  no  appreciable  eff'ect  upon  the  amount  of 
water  in  the  mines.  Again,  it  must  be  stated  that  this  con- 
tention can  be  based  only  upon  a  limited  knowledge  of  facts 

•Loc.  cit. 
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regarding  the  influence  of  local  rains.  The  writer  has  been 
acquainted  intimately  with  this  mining  district  ever  since 
mining  first  began  at  Joplin  in  1870  and  1871.  From  per- 
sonal observation  many  instances  are  known  wherein  there 
was  a  complete  abandonment  of  mining  operations  on  ac- 
count of  heavy  rain  storms.  One  remarkable  instance  was 
in  the  year  1883.  A  period  of  unusual  rain  storms  prevailed 
for  some  weeks,  during  which  time  a  tornado  destroyed  a 
large  part  of  the  business  center  of  Oronogo.  The  rains  were 
of  the  torrential  kind  commonly  accompanying  severe  wind- 
storm periods.  Almost  every  mine  at  Webb  City  and  Car- 
tersville,  many  of  the  mines  at  Joplin  and  fully  half  of  them 
at  Galena  were  shut  down  on  account  of  mine  water,  some 
of  them  for  three  or  four  weeks'  time.  A  portion  of  this 
water  ran  into  the  mines  from  the  surface  drainage,  but  long 
after  the  mines  were  first  unwatered  the  supply  of  ground 
water  continued  unusually  great,  and  seriously  interfered 
with  mining  operations. 

Here  and  there  throughout  the  entire  district  are  certain 
areas  which  are  protected  by  an  unusually  tight  roof  so  that 
local  rains  apparently  have  little  influence.  An  inquiry 
made  from  operators  of  such  mines  doubtless  would  bring  an 
answer  that  local  rains  had  but  little  influence.  Quite  possi- 
bly the  same  inquiry  might  be  made  of  an  operator  within  a 
mile  of  the  first  mine  and  the  answer  would  be  just  the 
reverse. 

An  attempt  was  made  to  investigate  the  source  of  ground 
water  in  a  somewhat  positive  manner.  For  this  purpose  two 
well-known  mining  areas  at  Galena  were  chosen,  the  Mastin 
land  southwest  of  Galena,  and  the  South  Side  Mining  Com- 
pany's land  on  the  east.  The  Mastin  land  lies  in  a  sort  of 
valley,  with  low  hills  on  almost  all  sides  of  it.  From  the 
north  end  water  drains  to  the  northwest  into  Short  creek, 
and  from  the  south  end  it  drains  southward  into  Shoal  creek. 
Mr.  Charles  McClaire  was  assigned  the  task  of  estimating 
the  amount  of  water  pumped  from  the  mines,  the  drainage 
area,  and  probable  return  of  water  from  the  mines.  The 
Mastin  valley  has  surface  water  draining  into  it  from  about 
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240  acres.  It  is  well  covered  with  large  masses  of  tailings 
and  rough  stuff  from  the  mines,  and  has  many  shafts  on  it. 
In  addition  there  are  two  places  where  the  roof  of  the 
mines  have  caved  to  the  surface,  producing  large  and  irregu- 
lar openings  into  which  surface  water  runs  during  every  rain 
storm,  and  to  a  considerable  extent  from  the  surface  ponds 
and  from  the  pumps.  The  soil  is  loose  and  porous,  as  rocky 
soils  usually  are,  permitting  the  surface  water  to  be  absorbed 
by  the  ground  to  an  unusually  great  extent.  At  the  time  of 
investigation  there  were  six  large  mining  companies  operat- 
ing pumps  with  pumping  barrels  ranging  from  eight  inches 
to  twelve  inches  in  diameter.  By  learning  the  number  of 
hours  per  day  operated,  the  number  of  days  in  the  year,  and 
the  capacity  of  each  pump  per  hour,  it  was  possible  to  make 
a  fair  approximation  of  the  total  amount  of  water  drawn 
from  the  ground. 

Almost  all  this  pumping  was  from  mines  within  eighty 
acres  of  ground,  although  the  surface  water  from  about  240 
acres  drained  onto  this  land.  The  result  obtained  by  Mr. 
McClaire  was  that  the  amount  of  water  pumped  per  annum 
was  equal  to  a  rainfall  of  forty-five  inches  on  an  area  a  small 
fraction  over  250  acres.  An  investigation  was  then  made  to 
determine  what  became  of  water  brought  to  the  surface  by  the 
pumps.  Approximate  measurements  were  made  of  the  drain- 
age both  north  and  south,  which  resulted  in  accounting  for 
about  sixty  per  cent,  of  the  total  amount.  The  other  forty 
per  cent,  in  one  way  and  another  seems  to  work  itself  back 
into  the  mines,  or  is  evaporated.  This  is  done  in  a  variety 
of  ways.  Part  of  it  runs  directly  back  in  the  shafts,  without 
having  been  thrown  onto  the  tailings  piles  by  the  mills.  No 
operator  was  very  particular  on  this  matter.  The  shaft  water 
was  used  in  the  mills  and  was  carried  out  by  machinery  to 
the  pile  of  tailings,  from  which  it  drained  in  different  direc- 
tions. Usually  attempts  were  made  to  catch  a  part  of  it  in 
surface  reservoirs  so  that  it  might  be  again  used,  particularly 
in  midsummer  when  ground  water  was  the  least  abundant. 
A  very  considerable  portion  worked  its  way  back  into  the 
ground  down  old  and  abandoned  shafts  and  down  openings 
produced  by  caving  of  mines,  and  down  through  the  soil  and 
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rock  masses  by  ordinary  processes,  principally  underneath 
the  large  piles  of  tailings  and  waste  rock.  These  tailings 
piles  cover  such  a  large  fractional  part  of  the  surface,  and 
absorb  water  so  readily  from  rainfall  and  the  pumps,  that 
they  constitute  a  great  cause  of  leaks  back  into  the  mine. 
Mr.  McClaire  in  his  investigations  went  underground  to  ob- 
serve the  effect  of  such  tailings  piles.  He  was  able  to  notice 
that  roofs  in  mines  usually  were  leaking  water  under  large 
tailings  piles,  while  roofs  some  distance  removed  were  dry, 
which  is  a  good  corroboration  of  the  return  of  surface  water 
to  the  mines.  This  leaves  only  about  sixty  per  cent,  of  the 
total  amount  of  rainfall  over  the  240  acres  to  supply  the 
total  amount  of  run  off.  It  is  not  believed  that  sixty  per 
cent,  of  local  rainfall  could  be  obtained  from  the  ground  by 
pumping,  as  forty  per  cent,  is  too  small  an  amount  to  account 
for  the  surface  run  off  and  evaporation.  There  is,  therefore, 
a  margin  or  surplus  of  ground  water  to  come  from  outside 
the  250  acres.  But  this  surplus  is  small ;  probably  ten  or 
fifteen  per  cent. 

A  similar  attempt  was  made  to  estimate  the  amount  of 
water  pumped  from  the  South  Side  mining  land  and  to  trace 
its  ultimate  disposition.  Greater  diflBculties  were  found  here 
than  on  the  Mastin  land,  principally  on  account  of  adjacent 
land  having  so  great  an  influence.  Here  the  surface  is  al- 
most entirely  void  of  vegetation,  and  probably  more  than 
half  of  it  is  actually  covered  with  piles  of  tailings  and  rough 
stuff  from  the  mines,  so  that  the  run-off  from  rainfall  ia 
greatly  checked. 

Just  south  of  the  eighty  acres  the  Cornwall  company  is 
operating  mines.  Still  farther  south,  and  bearing  north 
towards  the  east,  a  limestone  area  is  encountered.  Here,  a» 
usual,  ground  near  the  contact  line  between  limestone  and 
flint  is  badly  broken  and  the  surface  very  porous  and  capable 
of  absorbing  surface  water  unusually  well.  As  has  aire  idy 
been  stated  in  these  pages,  a  part  of  the  South  Side  land  is 
very  hard  and  compact,  while  other  parts  are  particularly 
open  and  broken.  Mr.  McClaire's  estimate  of  the  total 
amount  of  water  pumped  could  be  supplied  by  forty-five  inches 
of  rainfall  on  about  100  acres  of  ground.     The  proportion  of 
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water  which  reaches  the  mine  from  the  surface  is  approxi- 
mately the  same  as  that  on  the  Mastin  land.  The  unusually 
open  character  of  the  ground  along  Cooper  hollow  is  par- 
ticularly favorable  for  an  excessive  drainage  onto  the  South 
Side  land  from  the  southeast.  In  fact,  the  mines  near  the 
southeast  corner  have  been  worked  with  particular  care,  as 
ground  water  is  excessively  abundant  during  the  rainy  season, 
requiring  a  large  pumping  plant  to  care  for  it,  while  during 
the  dry  season  the  mines  scarcely  give  water  enough  for  mill- 
ing purposes.  Diflferent  devices  have  been  tried  for  prevent- 
ing a  return  of  surface  water  to  the  mines  below,  such  as 
piping  it  away  for  long  distances,  or  hauling  it  in  tank  cars, 
as  is  now  done  from  the  South  Side  land,  or  building  water- 
tight sluices,  as  was  done  at  Short  creek  to  prevent  the  creek 
water  from  sinking  to  the  mines  below. 

Mr.  McClaire  carried  his  investigations  further  and  in- 
quired carefully  of  every  company  operating  on  the  two  pieces 
of  ground  above  described  regarding  the  influence  of  local 
rains.  Near  the  Mastin  land  the  proprietors  of  the  Oronogo 
mine  reported  that  they  had  to  run  their  pumps  day  and 
night  for  a  week  after  a  heavy  rain.  The  Columbia  com- 
pany, just  south  of  the  Mastin  ground,  reported  that  they 
could  notice  the  eflFect  of  a  heavy  rain  within  twelve  hours. 
Warren  brothers,  on  the  Mastin  ground,  reported  that  they 
could  notice  the  effect  of  a  heavy  rain  within  three  or  four 
hours.  On  the  South  Side  land  the  Big  Four  company  re- 
ported that  rain  scarcely  affects  the  ground  water.  The  Corn- 
wall company,  just  south  of  the  South  Side  eighty  acres, 
reported  that  the  ground  water  was  affected  within  a  few 
hours  after  a  heavy  rain.  Mr.  J.  R.  Crow  reported  that  he 
noticed  very  little  effect  by  rain.  One  other  company  on  the 
same  land  reported  that  they  could  notice  the  effect  only 
by  a  week's  rain. 

The  writer  has  made  many  inquiries  of  this  kind  in  many 
different  places  throughout  the  entire  mining  district  and  has 
received  a  great  variety  of  replies.  Mr.  George  H.  Playter, 
superintendent  of  one  of  the  largest  mining  companies  at 
Joplin,  told  him  recently  that  he  knew  of  two  adjoining 
areas  west  of  Joplin,  one  of  which  was  not  affected  at  all  by 
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local  rainfall,  the  other  of  which  was  so  greatly  afifected  thdt**'; 

it  made  a  vast  difference  in  the  amount  of  water  pumped 
It  would  seem  that  no  one  could  examine  the  entire  territory 
carefully  and  observe  the  vast  amount  of  surface  water  which 
reaches  the  ground  through  shafts  and  various  kinds  of  artifi- 
cial openings,  natural  ''sink  holes"  particularly,  and  add  to 
this  the  much  greater  amount  which  must  necessarily  work 
its  way  downward  through  the  soil  into  the  rocks  so  greatly 
fissured  everywhere  in  the  mining  district,  without  admitting 
that  a  large  proportion  of  the  water  now  found  in  the  mining 
district  below  permanent  water  level  originates  directly  from 
local  rainfall.  It  is  equally  probable  that  a  portion  of  this 
same  ground  water  is  migrating  westward  down  the  slope  of 
the  Ozark  area.  This  migratory  water,  therefore,  comes  in 
part  from  the  catchment  areas  at  or  near  the  summit  of  the 
Ozark  hills,  and  in  part  from  additions  constantly  made  to 
it  throughout  the  entire  distance.  The  eastern  catchment 
area  is  entirely  too  small  to  provide  it  all. 

The  artesian  effect  sometimes  referred  to  is  not  very  great. 
The  elevation  of  the  Mastin  land  is  about  900  feet  above  sea 
level,  and  the  general  level  of  the  summit  of  the  Ozark  dome 
is  1500  feet  or  more.  If  there  was  not  some  vent  which 
would  give  relief  to  water  starting  westward  from  the  vicin- 
ity of  Cedar  Gap,  then  the  artesian  effect  necessarily  would 
be  much  greater  than  it  is.  But  at  Joplin  and  Empire  City 
and  Columbus  and  Cherryvale  and  Weir  City  and  Pitts- 
burg, where  we  have  an  aggregate  of  many  wells  drilled 
down  into  the  Silurian  sandstone,  the  artesian  effect  is  not 
suiBcient  to  bring  water  to  the  surface.  At  Fort  Scott  there 
is  a  strong  flow,  which  rises  only  a  few  feet  above  the  flood 
plain  of  the  Marmaton  river.  But  other  similar  wells  on 
the  uplands  rarely  have  an  actual  flow.  This  lack  of  arte- 
sian effect  certainly  shows  that  the  eastern  waters  have 
their  pressure  partly  relieved  in  one  way  and  another  by 
vents  in  rock  masses,  which  in  turn  means  that  surface  wa- 
ter throughout  this  entire  area  likewise  may  work  its  way 
downward  and  join  the  permanent  water  supply.  For,  un- 
less the  rock  to  the  water  in  Silurian  sandstone  is  water-tight, 
then  local  water  certainly  will  leak  downward  into  it. 
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*','  '/Third y  Deleterious  Water, — A  great  deal  of  ground  water 
'  •  'and  surface  pond  water  in  the  mining  district  is  exceedingly 
deleterious,  due  to  the  presence  of  a  comparatively  large 
amount  of  free  sulphuric  acid  and  soluble  sulphates.  This 
condition  is  brought  about  almost  entirely  by  recent  oxida- 
tion of  sulphides,  principally  pyrite  and  marcasite,  FeSj,  but 
in  part  by  oxidation  of  zinc  blende,  ZnS.  Mining  operations 
produce  large  underground  openings,  the  walls  of  which  are 
always  damp.  In  the  walls  a  great  deal  of  the  sulphides 
mentioned  are  exposed  to  the  air,  and  the  better  the  mine  is 
ventilated  the  greater  will  be  the  supply  of  oxygen  to  produce 
the  oxidati6n.  In  this  way  iron  is  changed  to  a  soluble  iron 
sulphate,  which,  of  itself,  has  a  bad  effect  on  iron  castings 
and  pipes.  But  still  worse,  the  process  of  oxidation  produces 
free  sulphuric  acid  which  acts  so  vigorously  on  iron  with 
which  it  is  brought  in  contact  that  it  is  exceedingly  destructive. 
The  change  brought  about  by  this  oxidation  may  be  repre- 
sented as  follows :  FeS2  +  7  0  +  HjO=FeSO,  +  HjS04.  The 
free  sulphuric  acid  is  so  abundant  in  different  places  that  its 
corrosive  action  on  iron  piping  is  surprisingly  great.  In  one 
instance  on  the  Mastin  land  new  gas  pipe  was  used  as  a  sup- 
ply pipe  for  a  pump,  and  in  nineteen  days'  use  holes  were 
made  in  it  so  that  it  was  worthless.  The  surface  of  the  pipe 
was  bright  as  though  just  taken  from  a  strong  acid  solution. 
Old  mines  which  have  stood  open  for  some  time  are  worse 
than  new  mines,  and  mines  in  solid  flint  rock  are  worse  than 
those  having  limestone  exposed  to  the  mine  water.  This  is 
true  to  so  great  an  extent  that  a  careful  examination  was 
made,  resulting  in  a  failure  to  discover  a  single  mine  with 
bad  water  where  limestone  in  any  considerable  quantity  was 
found  in  the  mine.  It  is  currently  reported  throughout  the 
entire  Joplin  area  that  mine  water  is  worse  at  Galena  than 
anywhere  else.  This  is  because  flint  rock  is  so  abundant  and 
limestone  so  scarce,  and,  further,  zinc  ore  is  more  intimately 
mixed  with  pyrite  here  than  elsewhere. 

Tests  were  made  in  many  places  to  learn  whether  or  not 
ground  water  generally  had  an  acid  reaction.  It  was  found 
that  in  all  cases  where  mines  had  been  opened  for  years 
within  solid  flint  areas  the  water  was  acid,  usually  very  acid, 
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and,  therefore,  acted  as  an  active  corrosive  agent.  Water  in 
mines  bordering  on  limestone  areas  which  had  limestone  in 
contact  with  mine  water  rarely,  if  ever,  showed  acid  reac- 
tion. This  led  to  the  thought  that  sulphuric  acid  in  the 
water  was  neutralized  by  its  action  on  limestone.  A  few  ex- 
periments were  made  by  placing  fragments  of  limestone  in 
pools  of  water  which  gave  strong  acid  reaction.  It  was 
found  that  within  a  few  days  each  entire  fragment  became 
covered  with  iron  rust,  implying  chemical  action  not  only 
between  free  sulphuric  acid  and  limestone,  but  also  between 
iron  sulphate  held  in  solution  and  the  limestone. 

From  the  above  conditions  it  seems  probable  that  owners 
of  mines  bothered  with  bad  water  could  modify  the  water 
and  probably  entirely  destroy  its  bad  qualities  by  keeping 
masses  of  limestone  in  the  water  pools  all  the  time.  This 
might  be  done  at  a  very  small  expense.  Surface  pools  sup- 
plied largely  from  the  mines  might  have  a  few  loads  of  lime- 
stone thrown  into  them,  which  could  be  replenished  from  time 
to  time  as  they  became  dissolved  away.  Should  their  sur- 
faces become  coated  with  iron  oxide  to  such  an  extent  that 
further  action  was  prevented,  it  would  be  comparatively  in- 
expensive to  have  them  rebroken  so  that  fresh  surfaces  would 
be  produced.  This  process  might  be  carried  even  to  the  ex- 
tent of  sinking  blocks  of  limestone  into  underground  pools  so 
that  gradually  the  ground  water  would  be  modified  before 
being  pumped  to  the  surface.  This  would  destroy  the  corro- 
sive action  of  water  on  pumps  and  all  mine  and  mill  ma- 
chinery, but  the  water  still  would  be  unfit  for  boiler  use  on 
account  of  its  holding  so  much  solid  material  in  solution. 


CHAPTER  VI. 


ORE  DEPOSITS. 


Geogrraphy. 

On  the  accompanying  map,  plate  XXI,  the  location  of  the 
principal  mining  camps  of  the  Ozark  district  are  represented 
in  red,  and  also  the  axis  of  the  Ozark  area.  The  map,  plate 
III,  gives  a  more  detaile.d  illustration  of  ore  bodies  in  the 
Kansas  mining  area.  It  will  be  noted  that  all  of  the  princi- 
pal mining  towns  in  the  southwestern  district,  with  the  ex- 
ception of  Aurora  and  Wentworth,  lie  within  a  zone  about 
ten  miles  in  width  which  very  closely  parallels  the  axis  of 
the  Ozark  area.  This  same  condition  is  shown  to  be  true 
elsewhere.  The  lead  and  zinc  ores  of  Hickory,  Benton,  Mor- 
gan, Camden,  Cole  and  Miller  counties  in  the  central  district, 
and  of  Franklin,  Jefferson,  Washington,  Ste.  Genevieve,  St. 
Francois  and  Madison  counties  in  the  eastern  district,  and  the 
ore  bodies  near  the  boundary  line  between  Arkansas  and  Mis- 
souri, on  the  south,  all  lie  in  this  peripheral  zone.  The  mines  at 
Aurora  and  Wentworth  lie  farther  up,  or  nearer  the  summit 
of  the  area.  No  other  mines  have  yet  been  opened  up  which 
have  a  production  of  any  considerable  commercial  importance. 
And  yet  Aurora  is  not  so  very  far  from  the  peripheral  zone, 
and  to  a  great  extent  may  be  considered  within  it.  This  ar- 
rangement of  ore  bodies  is  believed  to  be  based  upon  causes 
connected  with  the  origin  of  the  ores,  namely,  the  areas 
throughout  which  the  rocks  are  fractured  to  the  greatest  ex- 
tent in  part,  and  to  certain  coincidences  of  lithologic  condi- 
tions and  structural  relations,  such  as  unusual  amounts  of 
flint  or  chert  in  the  Mississippian  limestone  of  the  Galena- 
Joplin  district  and  the  peculiar  geologic  conditions  which 
brought  the  ore-bearing  Silurian  limestone  near  to  the  sur- 
face in  the  eastern  area. 
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Amount  of  Ore* 

The  amount  of  ore  which  has  been  obtained  from  this  area 
cannot  be  determined  with  exactness,  but  the  following  ta- 
ble, compiled  from  different  sources,  is  a  close  approxima- 
tion. The  Galena  area  has  been  the  richest  in  the  entire 
field.  For  years  it  produced  nearly  one-half  of  all  ore  in  the 
entire  district.  But  as  it  is  much  more  limited  in  geographic 
extent  than  the  Missouri  districts,  recently  it  has  given  up 
its  high  rank  in  the  scale  of  production,  and  now  produces 
little  more  than  one-tenth  of  the  entire  output  of  the  south- 
western district. 

Output  of  Zinc  and  Lead  Ores,  Galena  District,  Kansas. 

From  Janiiary  1,  1886.  to  December  31, 1903,  inclusive.    Data  since  1896  from  the  Engineering 
and  Mining  Journal ;  others  from  Mr.  Russell  Elliott,  Galena. 


Zinc  Ore. 

Lead  Ore. 

Year. 

Tons 
(2000  lbs.) 

Averaflre 

price 
per  ton. 
60',^  ore. 

Value. 

Tons 
(2000  lbs.) 

Averasre 

price 
per  ton. 

Value. 

Total 
value  of 
output. 

1886 

1887 

1888 

18H9 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

31.768.00 
32.796.00 
83.891.00 
32.960.00 
21,676.00 
20,641.00 
23.811.00 
25,028.00 
28.670.00 
41.232.00 
62.232.00 
59.457.00 
74.852.00 
64.706.48 
46.501.35 
33.997.80 
31.225.30 
26.620.92 

$18  50 

19  00 
21  00 
24  00 
23  00 

21  51 

20  00 

18  85 
17  10 

19  68 

22  51 
26  17 

26  64 
38  54 
30  28 

27  96 
32  00 
35  05 

$587,708  00 

623.105  00 

701.211  00 

790.800  00 

498.625  00 

454,102  00 

476.237  78 

471.789  00 

490.257  00 

812.792  00 

1.401.307  83 

1.492.663  04 

1.994.230  55 

2.313.831  00 

1,288.237  13 

797,844  37 

898.184  23 

878.942  83 

2.962.14 
3.073.19 
2,624.00 
3.992.50 
4.173.96 
3,602.21 
7.188.17 
5.139.59 
5.817.49 
12.537.64 
14.061.58 
15.184.68 
7,918.28 
6.723.40 
4.938.44 
5.238.19 
4,126.61 
3,139.45 

$59  00 
52  50 

31  00 
46  00 
42  28 
50  32 
42  00 
38  00 
33  64 
38  56 

32  04 
50  20 
42  04 

52  62 
48  80 
46  94 
46  44 

53  87 

$174,766  38 
161.499  96 
81.344  00 
183.655  00 
176.176  28 
182,271  83 
301.903  14 
195.314  42 
195.794  56 
482.548  75 
450.529  90 
762.469  96 
352,798  45 
354,311  00 
240.995  87 
245,880  63 
191,639  77 
169,122  17 

$762,474  38 

784.604  96 

782.566  00 

974.455  00 

674,701  28 

636,373  83 

778.140  92 

667.103  42 

686.051  66 

1,295.340  75 

1,851.837  73 

2.255.133  00 

2.347.029  00 

2.668.142  00 

1,479,233  00 

1,043.725  00 

1,089,824  00 

1,048,065  00 

Totals. 

691.529.85 

$24  48 

$16,921,767  76 

112,444.52 

$44  79 

$4,903,022  19 

$21,324,789  95 

It  is  difficult  to  determine  what  portion  of  the  Galena  area 
has  been  most  productive.  Originally  it  was  Short  creek 
valley,  near  the  discovery  shaft ;  then  it  was  the  eighty  acres 
belonging  to  the  South  Side  Mining  and  Milling  Company ; 
then  the  center  of  activity  shifted  south  to  the  Maggie  Taylor 
ground,  in  the  southeast  part  of  Galena ;  then  it  shifted  to 
the  southwest,  on  and  near  the  Mastin  land ;  and  again,  for 
a  brief  period,  to  the  North  Empire  valley  district.  Of  this 
entire  number,  the  land  of  the  South  Side  Mining  and  Mill- 
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iog  Compaay  has  been  the  most  coQsiatent  producer  year  by 
year,  and,  without  doubt,  in  the  aggregate  surpaBses  that  of 
any  other  equal  area.  The  following  table,  taken  from  a 
paper  by  Miss  Irene  G.  Stone,  now  Mrs.  0.  L.  Olapp,  of 
Kansas  City,  Mo.,  shows  the  amount  and  value  of  ore  taken 
from  this  land  from  1877  to  1901,  inclusiTe.  The  production 
since  1901  has  not  fallen  off  to  any  considerable  extent,  so 
that  its  high  standing  as  a  producer  is  still  maintained. 
Output  of  the  South  Side  Mining  and  Manufacturing  Company. 


Ve»h. 

L«d  c.™. 

SuM  t..r-    '     Ziio,.™. 

S6M!iT~ 

1,K9,2T( 

1*.'619.770 

The  Ores. 

The  two  most  important  ores  in  the  Galena  district  are 
galena,  for  lead  ore,  and  blende,  or  sphalerite,  for  zinc  ore. 
No  other  lead  or  ore  occurs  in  commercial  quantities,  excepting 
small  beds  of  carbonate  or  sulphate,  or  the  "dry  bone"  of 
the  miner,  which  in  early  times  was  found  to  a  limited  ex- 
tent in  a  few  places  where  an  open,  dry  ground  was  mined. 
Likewise,  no  zinc  ore  occurs  in  the  entire  Galena  district  of 
any  commercial  value  excepting  zinc  blende,  or  sphalerite. 
In  a  few  places  zinc  carbonate  has  been  found  and,  rarely, 
traces  of  zinc  silicate.  But  naither  has  yet  been  found  in  Kan- 
sas in  sufficient  quantity  to  have  any  commercial  importance 
whatever. 

Of  all  minerals  or  ores  associated  with  those  above  named, 
pyrite  and  marcasite  are  by  far  the  most  abundant.     These 


Haworth.]  Ore  Deposits.  107 

are  found  to  a  varying  extent  in  all  the  mines.  Occasionally 
their  abundance  is  so  great  that  the  zinc  ore  is  hardly  worth 
mining. 

The  geographic  distribution  of  these  minerals  is  quite 
varied.  At  times  parties  have  thought  they  could  trace  a 
certain  connection  between  different  points  where  they  are 
most  abundant.  For  example,  in  1899  the  writer  listened 
with  great  interest  to  a  discussion  by  a  mine  operator  who 
claimed  that  there  was  a  strip  rich  in  pyrite  extending  from 
the  east  half  of  section  27,  just  north  of  Shoal  creek,  north- 
eastward entirely  to  Short  creek.  This  contention,  however, 
was  hardly  correct,  as  there  were  certain  breaks  in  it  where 
ore  was  unusually  free  from  such  contamination.  Section  27 
does  contain  large  bodies  of  ore  unusually  mixed  with  pyrite 
and  marcasite.  So  do  a  few  other  places  that  could  be  named. 
So  far  as  the  writer  has  been  able  to  determine  from  very  close 
observation  extending  over  a  number  of  years,  it  is  impossible 
to  locate  any  definite  connection  between  various  places  where 
these  minerals  are  unusually  abundant.  In  most  places  mar- 
casite is  more  abundant  than  pyrite.  This  is  particularly  true 
in  section  27,  and  also  to  the  southeast  of  Galena,  in  the  east 
part  of  section  23  and  in  24.  At  the  Gracie  Clark  mine,  north 
of  Empire  City,  pyrite  is  more  abundant  than  marcasite. 

Next  in  abundance  as  an  associated  ore,  speaking  for  the 
entire  Galena-Joplin  area,  calcite  and  dolomite  could  be  men- 
tioned, but  in  the  Galena  district  proper  neither  of  these 
minerals  is  found  in  large  quantities,  and  throughout  the 
greater  part  of  the  richest  mines  they  are  absent  entirely. 
Wherever  a  mine  is  opened  in  ground  which  carries  limestone, 
calcite,  and  probably  dolomite,  may  be  expected,  in  fact  are 
always  found.  Thus,  on  the  Gracie  Clark  land  limestone  is 
abundant,  the  flint  area  being  small,  and  calcite  is  likewise 
abundant,  with  an  occasional  trace  of  dolomite.  The  remark- 
able absence  of  any  and  all  carbonates  in  the  mines  where  no 
limestone  is  found  is  a  point  worthy  of  special  attention. 

In  addition  to  the  above-mentioned  associated  minerals 
barite  should  be  referred  to,  for  it  is  found  in  very  small 
quantities  here  and  there  in  many  places.  Occasionally  just 
a  small  fragment  of  a  crystal  may  be  picked  up  from  the  ore 
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bin.  Its  scarcity  is  well  represented  by  the  fact  that  the 
miners  have  no  name  for  it  and  do  not  know  what  it  is.  Its 
presence  is  so  unusual  that  when  found  it  is  looked  upon  as 
acuriosity  that  is  scarcely  worth  investigation.  Copper  pyrite 
is  also  found  in  many  places  throughout  the  Galena  district, 
and  with  equal  frequency  in  the  Joplin  district.  It  has  been 
deposited  recently  and  is  found  in  beautiful  tetrahedral  crys- 
tals built  upon  blende,  flint  rock,  and  other  materials. 

For  a  more  complete  discussion  of  all  the  minerals  of  the 
Galena  district  and  their  paragenesis.  that  is,  the  order  of 
their  formation  in  time,  reference  should  be  made  to  Doctor 
Rogers's  paper,  part  III  of  this  volume. 

How  Ores  Occur. 

Lead  ores  and  zinc  ores  are  so  intimately  associated 
throughout  the  entire  mining  district  that  a  discussion  of 
mode  of  occurrence  of  one  must  necessarily  be  a  discussion  of 
mode  of  occurrence  of  the  other.  In  general,  lead  ores  are 
found  closer  to  the  surface  than  zinc  ores.  But  this  rule  has 
so  many  exceptions  it  is  hardly  worth  stating.  Lead  ore  has 
been  found  at  the  bottom  of  the  very  deepest  shafts  in  Galena. 
On  the  Kirby  land  just  south  of  the  Mastin  the  deepest  shaft 
that  has  ever  been  sunk  for  zinc  ore  found  lead  ore  intimately 
associated  with  it.  Likewise,  the  deepest  shaft  on  the  South 
Side  land  found  lead  ore  at  the  very  bottom,  and  that,  too, 
in  comparative  abundance.  Zinc  ore,  likewise,  is  found  at 
great  depths  and  also  at  the  very  surface.  In  a  good  many 
places,  particularly  in  the  vicinity  of  Cave  Springs,  and  on 
land  belonging  to  the  Illinois  Lead  and  Zinc  Company  in 
section  27  southwest  of  Galena,  zinc  blende  is  found  almost  at 
the  very  surface.  Some  years  ago  mining  was  carried  on  in 
the  Cave  Springs  vicinity  by  general  open  work  from  the 
surface  down,  and  the  familiar  expression  *'from  the  grass 
roots  down'*  literally  expressed  the  position  of  the  ores.  Yet 
it  is  doubtless  true  in  general  that  the  great  bulk  of  lead  ore 
occurs  closer  to  the  surface  than  zinc  ore. 

The  two  ores  are  intimately  associated  throughout  the  en- 
tire mining  district.  It  is  very  unusual  to  find  a  mine  pro- 
ducing one  without  the  other.     It  is  still  more  unusual  to 
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find  a  mill  doing  custom  work  which  does  not  produce  con- 
centrates of  both  ores.  As  mining  progresses  year  after  year 
the  ratio  in  tonnage  between  the  two  is  gradually  changing 
by  the  proportion  of  lead  ore  constantly  decreasing.  This  is 
partly  due  to  a  comparative  shifting  in  prices.  The  price  of 
zinc  ore  has  increased  gradually  during  the  last  ten  years, 
while  the  price  of  lead  ore  has  decreased,  but  not  so  much 
during  this  short  time  as  during  the  decade  between  1875  and 
1885.  In  the  early  days  of  mining  at  Joplin  and  Galena  all 
leases  were  written  on  a  basis  of  seven  cents  a  pound  for  lead. 
Recently  lead  in  the  St.  Louis  market  has  averaged  little  more 
than  four  cents.  This  downward  shifting  of  prices  of  lead  ore 
and  upward  shifting  of  zinc  ore  prices  have  brought  the  two 
ores  nearer  together  in  value  and  have  led  mine  operators  to 
search  for  zinc  ore  as  zealously  as  for  lead  ore. 

Lead  ore  and  zinc  ore  are  associated  so  intimately  that  in 
many  cases  a  fragment  the  size  of  one's  hand  contains  both 
ores.  Where  lead  ore  occurs  in  large  masses  hand  sorting  may 
be  resorted  to  profitably  to  separate  the  two  ores.  Even  then 
hand  sorting  is  only  partially  effective.  But  in  most  cases  no 
attempt  is  made  to  separate  the  two  by  hand,  the  entire  mass 
being  sent  to  the  mill  and  separated  by  machinery. 

It  has  already  been  pointed  out  in  chapter  V  that  the  flint 
rock  masses  are  full  of  fissures  and  even  broken  up  to  an  ex- 
ceedingly great  extent;  that  where  limestone  was  present  in 
a  small  amount  it  has  been  removed  by  the  solvent  action  of 
water  and  flint  and  residual  masses  have  fallen  together  in 
a  very  promiscuous  manner.  Ore  bodies  occur  in  the  open- 
ings thus  produced.  Such  openings  are  as  varied  in  charac- 
ter and  extent  as  the  imagination  can  picture.  Here  little 
seams  one  hundredth  of  an  inch  in  width  are  fllled  with  ore, 
sometimes  one  kind,  sometimes  another;  there  a  large  open- 
ing a  number  of  feet  in  extent  is  filled  with  water  and  mud 
and  ore  with  the  greatest  diversity  of  conditions.  Where 
limestone  was  absent  the  fissures  streak  the  flint  in  every 
imaginable  manner  and  ores  are  scattered  through  the  entire 
mass  in  small  quantities,  filling  such  fissures  and  acting  as 
a  cement  which  weakly  holds  the  fragments  together.  The 
secondary  fiint  is  present  in  fissures  and  openings  in  a  man- 
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ner  remarkably  similar  to  the  ore  itself,  so  that  a  description 
of  the  occurrence  of  one  virtually  is  a  description  of  the  other. 
Likewise,  the  two  are  as  intimately  mixed  as  though  they 
originated  at  the  same  time.  In  such  cases  the  masses  of 
secondary  flint  become  ore  and  are  sent  to  the  mills  in  large 
quantities  for  crushing.  Usually  secondary  flint  is  more 
abundant  in  large  flint  areas  than  in  the  border  areas  between 
flint  and  limestone.  As  a  result  the  so-called  '*open  ground" 
of  the  miner  has  but  little  secondary  flint  in  it,  and  ore 
occurring  in  such  places  is  generally  of  high  quality  because 
siliceous  matter  is  not  mixed  with  it  to  any  considerable  ex- 
tent. Ore  from  the  open  ground,  therefore,  is  easily  milled, 
and  hand  picking  can  be  carried  to  a  great  extent.  In  the 
early  days  of  mining  such  localities  were  sought  after  so  that 
the  miner  could  sort  the  ore  from  the  rock  boulders  and  pre- 
pare the  ore  for  market  with  a  minimum  of  labor.  But  when 
large  steam  crushers  and  steam  mills  became  common  then 
this  character  of  ground  and  of  ore  was  no  longer  specially 
popular. 

It  usually  happens  that  the  richest  ore  bodies  are  found  in 
open  ground,  and  likewise  such  ore  bodies  are  most  uncer- 
tain. The  most  remarkable  showing  of  zinc  ore  the  writer 
ever  saw  was  in  the  Ashland-Wilkes  mine  at  Belleville. 
Here  when  development  was  just  beginning  a  face  of  ore  was 
exposed  about  twenty  feet  high  by  fifty  feet  in  length,  which 
seemed  rich  enough  to  be  more  than  half  ore.  Yet,  at  a 
later  date,  it  was  found  that  this  wonderful  showing  was  ex- 
ceedingly limited  in  extent,  so  that  mining  operations  were 
carried  beyond  the  rich  ore  and  into  ground  where  almost 
no  ore  existed.  Zinc  ore  in  open  ground  frequently  occurs 
in  individual  crystals  producing  the  so  called  ''pebble  ore." 
Elsewhere  it  is  so  finely  divided  and  so  intimately  mixed 
with  secondary  flint  that  crushing  must  be  carried  to  a  high 
degree  of  perfection  in  order  to  separate  the  little  particles  of 
ore  from  the  gangue.  Open  ground  ore,  therefore,  is  more 
easily  milled  than  ore  from  larger  flint  bodies  where  secon- 
dary flint  is  so  abundant. 

Here  and  there  throughout  the  mining  district  openings 
of  various  sizes  are  found  that  are  locally  known  as  mud 
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openings  because  they  are  filled  with  muddy  water  and  de- 
posits of  soft  clay  or  black  mud.  When  containing  lead  ore 
the  mud  is  more  likely  to  be  black  than  when  containing 
zinc  ore.  This  is  so  commonly  understood  that  when  a 
miner  first  finds  traces  of  black  mud  in  the  rock  he  is  sure 
to  expect  large  bodies  of  lead  ore.  These  cavities  are  fre- 
quently lined  with  ore  to  a  varying  extent.  Sometimes  the 
lining  is  a  mere  film  of  almost  no  value,  and  again  it  may  be 
from  six  to  twelve  inches  in  thickness,  and  have  an  extent  as 
great  as  the  walls  of  the  cavity.  These  rich  bodies  were 
found  frequently  in  early  days  at  Galena.  They  were  abun- 
dant in  the  Short  Creek  valley  between  Galena  and  Empire 
City,  and  again  southeast  on  the  South  Side  mining  property  ; 
still  again  southeast  of  Galena  on  the  Maggie  Taylor  land, 
and  southwest  on  the  Battlefield  land,  as  well  as  many  other 
places.  In  the  southern  part  of  the  Battlefield  land  such 
openings  were  very  frequent  and  large  masses  of  lead  ore 
were  found.  One  piece  sent  to  the  World's  Fair  at  Chicago 
in  1893  measured  about  three  feet  in  maximum  length  and 
about  one  foot  in  thickness  of  solid  ore.  It  was  a  part  of  the 
lining  of  a  mud-filled  cavity  and  represented  the  largest 
piece  or  chunk  which  was  broken  oflF.  The  cavity  side  of 
such  linings  generally  have  galena  or  blende  well  crystallized. 
This  large  piece  had  faces  of  cubes  of  galena  unusually  large, 
the  largest  measuring  over  six  inches  across.  The  same 
ground  produced  many  more  remarkable  museum  specimens. 
Throughout  the  entire  Galena- Joplin  district  mining  is  con- 
fined very  largely  to  flint  areas.  This  is  true  to  a  greater 
extent  in  Kansas  than  in  Missouri.  Limestone  is  hard  to 
work  and  when  the  miner  reaches  it  in  sinking  a  shaft  the 
shaft  usually  is  abandoned.  This  is  true  particularly  of 
Kansas,  where  in  some  way  the  idea  is  almost  universal  that 
ore  does  not  occur  in  limestone.  Such  a  belief  may  bring 
very  disastrous  results,  and,  therefore,  should  not  be  en- 
couraged. On  the  other  hand,  it  is  true  perhaps  that  ore 
rarely  occurs  in  limestone  proper.  But  along  the  border 
lines  between  flint  and  limestone,  where  the  two  overlap,  as 
explained  in  chapter  V,  it  is  quite  possible  a  shaft  may  reach 
a  tongue  of  limestone  which  in  reality  is  only  a  covering  of 
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underlying  flint  that  may  be  very  rich  in  ore.  For  some 
reason  in  Missouri  miners  are  not  quite  so  afraid  of  limestoue, 
and  many  instances  are  noted  of  shafts  being  sunk  through 
an  overlying  bed  of  limestone  into  exceedingly  valuable  ore 
beneath.  Again,  in  some  cases  ore  does  occur  to  considerable 
extent  in  the  limestone  itself,  but  only  when  found  close  to 
large  bodies  of  flint  rock. 

This  great  preponderance  of  Sint  rock  may  be  detected  by 
any  one  visiting  the  mining  district  and  examining  the  refuse 
on  the  surface.  Scarcely  an  instance  can  be  found  in  which 
such  refuse  contains  enough  limestone  to  be  noticeable,  either 
coarse  hand-picked  rocks  or  the  fine  tailings  coming  from  the 
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mills.  On  the  map  of  Galena,  plate  III,  flint  areas  are  rep- 
resented by  shading.  It  is  practically  identical  with  the 
principal  mining  areas.  Experience  of  the  miners  has  been 
such  that  they  have  no  faith  whatever  in  finding  ore  in  solid 
limestone,  while  they  will  prospect  any  flint  area  which  they 
can  find.  The  flint  area  as  outlined  is  by  no  means  all  the 
flint  in  this  part  of  the  country.  It  simply  represents  one 
great  large  area  over  three  miles  long  north  and  south  and 
over  two  miles  wide  east  and  west  in  the  widest  place.  Out- 
side of  these  boundaries  there  is  a  great  deal  of  flint,  isolated 
patches  which  vary  in  size  from  a  few  hundred  yards  to  half 
a  mile  across,  and  wherever  the  flint  occurs,  if  prospecting 
has  been  carried  to  any  considerable  extent,  there  we  find  ore. 
This  is  true  in  many  instances,  such  as  the  flint  areas  west  of 
Spring  river  on  the  land  of  the  Quaker  Valley  Mining  Com- 
pany, Spring  River  Mining  Company,  at  Pitzerville,  and  at 
the  Badger  mines  six  miles  north  of  Galena.  Across  the  state 
boundary  in  Missouri  a  number  of  other  similar  outlying 
areas  are  prominent,  among  which  might  be  mentioned 
Belleville  or  Zincite,  a  small  area  with  limestone  rocks  sur- 
rounding it,  Klondike,  Carl  Junction,  Alba,  and  Neck,  with 
many  others  of  less  importance.  But  the  flint  area  at  Galena 
is  the  largest  of  any  one  individual  area  in  the  entire  district. 
The  horizontal  distribution  of  ores  is  very  irregular.  They 
do  not  occur  in  equal  abundance  wherever  flint  abounds, 
but  rather  are  somewhat  restricted  within  the  flint  areas. 
Mine  operators  usually  are  quite  peculiar  in  their  under- 
ground development  work  and  follow  only  one  rule,  namely : 
**  Follow  the  ore."  This  results  in  the  production  of  ex- 
ceedingly irregular  underground  openings,  as  is  shown  by 
figures  3  to  7,  some  of  which  are  taken  from  Kansas  and 
others  from  Missouri.  It  is  difiicult  to  say  how  the  ore 
beds,  as  shown  on  maps  of  this  kind,  could  owe  their  posi- 
tions to  any  definite  line  of  fractures  or  faulting — fractures 
which  have  a  depth,  as  fault  lines  due  to  orographic  move- 
ments must  have.  It  would  seem,  rather,  that  such  ore  bodies 
owe  their  peculiar  positions  to  fractures  and  faults  local  in 
nature.  Neither  does  it  appear  that  the  richest  areas  at 
8— viu 
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Oalena  hold  aay  definite  position  with  refereace  to  Qint  areas. 
If  the  flint  areas  are  weak  areas  then  general  faults  and 
fractures  might  cut  through  them  on  account  of  such  weak- 
ness. But  in  that  case  they  would  have  some  regularity  to 
them.  On  the  contrary,  we  find  actually  that  the  richest 
areas  at  Galena  are  first  on  one  side  of  the  flint  area,  then  on 
the  other,  then  in  the  middle,  etc.  The  original  discovery 
along  Short  creek  was  about  the  middle  east  and  west  of  the 
flint  area.  But  on  the  South  Side  company's  property  it  is 
along  the  eastem  edge,  excepting  a  tongue  of  flint  that  ex- 
tends up  Cooper  hollow.  These  two  balance  each  other  in 
this  respect.  Then  we  have  the  Maggie  Taylor  land  close  to 
the  east  side,  or  rather  on  an  eastern  extending  arm  of  the 
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flint  area,  and  the  Mastin  land  is  over  to  the  west  side.  But 
in  the  central  area  we  have  the  rich  deposits  under  the  south- 
ern part  of  the  city  of  Galena,  with  the  Battlefield  land  and 
other  properties  which  have  produced  enormous  amounts  of 
ore,  all  of  which  imply  that  the  ore  bodies  are  situated  in 
positions  such  that  it  is  impossible  to  connect  them  with  any 
general  fault  or  fissure  zones.  But  if  we  assume,  as  has  been 
explained  in  chapter  V,  that  faulting  and  fissuring  have 
been  produced  largely  by  the  action  of  earth  movements 
breaking  the  brittle  flint  irregularly,  and  this  breaking  per- 
mitting the  water  to  dissolve  out  associated  limestone,  by 
which  there  would  be  a  contraction  sufficient  to  account  for 
local  faults,  then  the  faults  and  fissures  would  be  confined 
principally  to  the  flint  beds  themselves  and  at  the  same  time 
might  have  no  regular  positions  or  directions. 

Likewise,  the  circular  or  curved  lines  connecting  ore  bodies 
so  frequently  noticeable,  particularly  in  Missouri,  and  re- 
ferred to  by  Bain,*  at  once  become  easily  explainable.  These 
flint  areas  usually  are  somewhat  globular  in  shape  as  best 
we  know  them  and,  therefore,  fracture  lines  and  vertical  dis- 
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placements,  caused  as  above  explained,  would  have  a  tend- 
ency to  assume  curved  lines.  But  if  ore  deposits  are  placed 
where  they  are  on  account  of  general  earth  movements,  with 
fissures  and  faults  reaching  down  hundreds  of  feet  into  the 
Silurian  and  crystallines  below,  such  curved  outlines  are  very 
difficult  to  explain. 

Theories  of  Ore  Formatiou. 

The  general  geologic  conditions  of  the  country  and  the  modes 
of  ore  occurrence  in  Galena,  it  would  seem  to  the  writer,  leave 
no  room  for  doubting  that  the  lead  and  zinc  ores  and  asso- 
ciated minerals  were  produced  from  water  solution.  There 
is  a  total  absence  of  eruptive  rocks  of  any  and  all  kinds  and 
of  the  minerals  usually  accompanying  eruptive  rocks ;  and 
likewise  a  total  absence  of  the  generally  recognized  fumarole 
minerals,  or  those  produced  by  gaseous  exhalations,  such 
as  certain  micas,  feldspars,  wolframite,  fluorite,  etc.  Still 
further,  it  is  important  to  note  that  there  is  a  total  absence 
of  any  and  all  minerals  usually  supposed  to  originate  from 
hot  water  solution,  various  silicate  minerals,  such  as  feld- 
spars and  other  pegmatite  material  so  common  in  many 
veins  or  dykes  in  crystalline  rocks.  In  the  main,  therefore, 
the  writer  agrees  with  Winslow,^^  Van  Hise,  and  Bain,^  as  to 
the  origin  and  mode  of  occurrence  of  the  ores.  Doctor  Jen- 
ney**  and  Professor  Blake*^  also  have  studied  the  ores  of  the 
southwest  district,  and  have  given  us  their  views  regarding 
the  origin  of  the  same.  In  addition  to  these  there  is  inter- 
esting and  valuable  literature  by  early  writers,  probably  the 
most  notable  of  which  is  from  the  pen  of  Dr.  Adolph  Schmidt, 
who  spent  a  number  of  years  in  America  and  studied  the  ore 
deposits  of  the  Joplin  district  in  the  early  days  of  its  develop- 
ment and  later  returned  to  Europe,  since  which  time  his  name 
has  rarely  been  connected  with  original  papers  published  in 
America. 

There  is  a  unison  of  agreement  by  all  of  the  above-named 

88.  Winslow,  Arthur:  Mo.  Geol.  Surv.,  vol.  VII,  p.  467,  et  aeq, 

84.  Van  Hise,  Prof.  C.  R.,  and  Bain,  Dr.  H.  F.:  22d  An.  Rep.  Director  U.  S.  Geol.  Surv.  pt. 
2d.  p.  81,  et  Ma. 

86.  Jenney.  Dr.  W.  P.:  "  Lead  and  Zinc  Deposits  of  the  Mississippi  Valley,"  Trans.  Am.  Inst. 
Min.  Enff.,  vol.  22,  p.  171. 

86.  Blake,  Prof .  W.  P. 
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authors  that  the  ores  and  associated  minerals  were  deposited 
from  water  solutions.  There  is  also  a  unison  of  agreement 
that  the  materials  of  the  ores  have  been  carried  into  the  fis- 
sures and  openings  where  now  found  from  some  distance 
away.  Here,  however,  begins  a  divergence  which  is  suf- 
ficiently great  to  characterize  the  views  of  diflferent  gentle- 
men as  being  somewhat  antagonistic. 

Briefly  stated,  Winslow  believes  that  the  source  of  the  ore 
bodies  mainly  was  from  the  masses  of  rock  which  have  been 
worn  away  by  erosion,  and  that  during  the  erosion  period 
there  was  a  concentration,  ever  increasing  in  its  effect,  which 
concentration  is  similar,  as  the  writer  understands  it,  to  the 
well-known  process  of  secondary  enrichment  of  ore  bodies, 
explained  in  great  detail  recently  by  different  authors  and  in 
different  places,  such  as  Weed,  Emmons,  Van  Hise,  and 
others.  If  there  was  a  small  amount  of  lead  and  zinc  in 
formations  which  at  one  time  rested  upon  the  present  rocks 
containing  ore,  and  if  these  formations  were  removed  by  or- 
dinary process  of  erosion,  then  the  little  particles  of  sulphides 
of  lead,  iron,  copper,  etc.,  it  is  claimed,  would  become  oxid- 
ized and  rendered  soluble  and  carried  downward  by  move- 
ments of  surface  waters,  only  to  be  precipitated  again  in  a 
more  concentrated  form  in  the  lower-lying  crevices  and  open- 
ings. As  surface  erosion  is  a  constant  process,  this  surface 
solution  and  reprecipitation  likewise  have  been  constant  proc- 
esses and  one  which  is  now  in  operation. 

Doctor  Jenney,  perhaps,  is  the  most  pronounced  advocate 
of  the  deposition  of  ores  in  this  district  by  ascending  waters. 
He  calls  attention  to  numerous  faults  and  iSssures  which  he 
assumes  connect  with  the  underlying  Silurian  limestones  and 
sandstones,  from  which  in  some  way  not  made  very  clear  ore 
materials  are  gathered  and  carried  to  the  surface  and  deposited 
in  their  present  positions. 

Van  Hise  and  Bain  follow  Jenney  in  these  views  to  a  great 
extent,  but  also  invoke  the  assistance  of  sulphide  enrichment 
by  the  process  of  surface  oxidation  and  solution  and  repre- 
cipitation at  greater  depths.  This  is  particularly  emphasized 
by  Bain"  who,  writing  with  Van  Hise,  is  supposed  to  express 

37.  Bain,  Dr.  H.  F.:  Loc.  cit,  p.  168,  et  aeq. 
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the  latter's  views  also.  In  speaking  of  the  process  of  secondary 
enrichment  he  says  :  **The  process  is  one  phase  of  the  gen- 
eral work  of  superficial  alteration,  but  represents  a  particular 
portion  of  the  general  process  which  is  locally  of  considerable 
importance.  It  causes  the  enrichment  of  the  ore  body  at  and 
below  water  level  by  the  migration  into  and  deposition  within 
it  of  certain  amounts  of  the  ore  bodies  from  the  belt  of  weath- 
ering. In  the  Joplin  area  it  differs  in  certain  particulars 
from  the  process  of  reaction  between  the  sulphides  outlined 
by  Weed  and  Emmons.  In  all  these  instances  the  reducing 
action  is  believed  to  be  mainly  the  influence  of  one  sulphide 
on  the  other,  and  the  relative  affinity  of  the  metals  for  oxygen 
and  for  sulphur  is  very  important.  In  the  Joplin  region  the 
affinity  for  oxygen  of  the  three  metals,  iron,  zinc,  and  lead,  is 
important,  as  usual,  and  they  have  gone  into  solution  in  the 
order  named.  In  the  presence,  however,  of  an  excess  of  or- 
ganic reducing  agencies  all  the  sulphides  seem  to  have  been 
reduced  with  equal  facility  and  without  order.'' 

It  is  difficult  to  ^understand  in  what  essential  respect  this 
sulphide  enrichment  as  above  outlined  differs  from  the  general 
views  of  ore  formation  expressed  by  Winslow. 

But  Van  Hise  lays  special  stress  on  certain  structural  con- 
ditions which  are  worthy  of  note.  After  having  reviewed 
the  Wisconsin  area,  wherein  he  held  that  the  ore  bodies  in 
Wisconsin  were  deposited  first  by  ascending  water  and  en- 
riched subsequently  by  descending  water,  he  likens  the  entire 
area  of  southeastern  Kansas  and  Missouri  to  the  Wisconsin 
district.  In  this  respect  it  will  be  seen  that  he  embodies  the 
views  of  Jenney  regarding  ascending  waters,  believing  that 
ore  deposition  originated  in  this  way,  and  later  the  views  of 
Winslow,  although  not  so  expressed,  regarding  the  influence 
of  descending  waters.  But  there  is  an  essential  difi'erence  in 
this,  that  Van  Hise  would  have  all  the  ore  brought  from  below 
and  later  concentrated  by  surface  action,  while  Winslow  would 
have  all  the  ore  obtained  originally  from  the  overlying  forma- 
tions. It  is  probable,  it  seems  to  the  writer,  that  both  these 
views  may  be  correct,  and  that  Van  Hise  should  have  credit 
for  originating  the  true  explanation  for  such  ore  bodies  by 
combining  the  two  processes.     However,  there  are  certain 
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propositions  or  claims  put  forward  by  him  which  may  have 
been  emphasized  too  much,  and  which  it  seems  to  the  writer 
are  misleading  in  part  regarding  the  actual  facts  of  occur- 
rence. While  not  wishing  to  engage  in  any  controversy  in 
the  matter,  nor  to  discredit  in  the  least  the  value  of  the  broad 
generalizations  of  Van  Hise  which  are  agreed  with,  as  above 
expressed,  the  following  facts  may  be  pointed  out. 

(a)  It  is  probable  that  the  Missouri-Kansas  area  does  not 
contain  as  many  nor  as  great  faults  and  fissures  as  Jenney 
and  Van  Hise  and  Bain  have  claimed.  Earlier  in  this  report 
this  subject  was  discussed  wherein  it  was  shown  that  the 
movements  producing  fissures  were  of  such  a  nature  that  a 
great  stretching  or  elongation  of  surface  resulted.  This  be- 
ing the  case  it  follows  that  the  fissures  would  be  the  greatest 
in  extent  at  the  surface,  and  would  gradually  decrease  down- 
ward, which  corresponds  with  Winslow's  statement  of  ob- 
served facts.  It  also  corresponds  with  the  geographic  fact 
that  almost  all  the  ore  bodies  connected  with  the  Ozark  area  are 
located  around  its  periphery.  The  only  notable  exception  of 
this  is  the  mining  area  about  Aurora.  West  of  this  at  Went- 
worth  considerable  mining  has  been  done,  and  in  all  instances 
the  farther  away  from  the  dome  one  goes  the  richer  the 
mines  are  and  the  more  general  fractures  are.  By  the  radial 
movements  which  produced  the  uplift  it  is  quite  reasonable 
to  suppose  that  an  occasional  fracture  would  be  made  near 
the  summit,  which  in  no  way  would  interfere  with  excessive 
fracturing  within  the  peripheral  area.  The  excessive  occur- 
rences of  flint  within  the  peripheral  areas  should  be  looked 
upon  as  a  mere  coincidence  of  lithologic  and  structural  fea- 
tures, but  being  so,  and  the  flint  being  so  easily  fractured,  it 
certainly  has  had  a  great  influence  in  producing  present  con- 
ditions, and  has  permitted  a  much  greater  elongation  of  the 
surface  where  the  flint  fractures  were  so  numerous  than  else- 
where around  the  periphery,  and  to  a  large  degree  accounts 
for  the  irregular  position  of  ore  bodies.  It  yet  remains  to  be 
shown  that  these  faults  and  fissures  either  have  or  have  not 
any  considerable  depth.  If  the  lithologic  conditions  of  the 
strata  concerned  wielded  little  influence  in  their  production 
then  their  origin  lies  in  deeper  seated  conditions,  which  means 
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that  the  iSssures  themselves  probably  reach  down  to  the 
realms  of  hot  water,  which  in  turn  means  that  the  total  ab- 
sence of  hot  water  minerals  at  and  near  the  surface  cannot 
well  be  explained.  It  remains  for  the  advocates  of  deep  fis- 
sures to  explain  this  very  notable  absence  of  silicate  minerals. 

(6)  It  would  seem  to  the  writer  that  Professor  Van  Hise 
has  emphasized  too  much  the  importance  of  a  shale  bed  lying 
below  the  ore  bearing  formations  and  another  one  above.  At 
best  the  lower  shale  bed  is  only  a  few  feet  in  thickness,  and 
in  many  places  is  entirely  wanting.  This  is  shown  by  the 
records  of  wells  in  the  oil  fields  of  Kansas  near  by,  and  also 
by  wells  in  the  mining  district  itself,  as  has  already  been 
pointed  out.  A  shale  bed  rarely  over  12  feet  in  thickness 
could  hardly  wield  any  considerable  influence,  even  though 
it  were  continuous.  But  when  it  is  not  continuous  its  influ- 
ence would  certainly  be  nil.  Again,  it  is  the  most  common 
of  occurrences  throughout  the  entire  stratified  rocks  of  the 
world  to  have  a  heavy  limestone  bed  with  shale  both  above 
and  below  it.  Throughout  the  Coal  Measures  of  Kansas  and 
Missouri  adjacent  to  the  ore  mining  region  this  is  a  most 
common  occurrence.  We  have  Fort  Scott  limestone  immedi- 
ately overlying  the  Cherokee  shales  and  in  turn  overlain  by 
a  shale  bed  from  30  to  40  feet  thick.  We  have  the  still 
greater  mass  of  limestone  which  outcrops  within  thirty  miles 
of  the  zinc  mines,  a  mass  of  limestone  aggregating  about  100 
feet  in  thickness,  with  heavy  shale  beds  both  above  and  be- 
low. In  fact,  such  conditions  are  so  common  that  if  to  such 
a  structural  relation  is  to  be  ascribed  the  Galena-Joplin  ore 
bodies,  then  we  have  a  right  to  expect  universal  deposits  of 
lead  ores  and  zinc  ores  within  limestones  similarly  situated 
between  shale  beds,  which  would  mean  throughout  almost 
all  the  stratified  areas  of  the  world. 

An  equally  strong  objection  to  the  influence  of  these  under- 
lying shales  is  that  it  is  assumed  they  are  badly  fissured  and 
therefore  will  allow  water  to  pass  through  them.  The  more 
one  emphasizes  the  extent  and  depth  of  the  fissures  the  more 
pronounced  this  objection  becomes.  If  the  fissures  are  as 
great  in  number  and  capacity  as  Van  Hise  and  Bain  have 
claimed,  and  if  the  ore  bodies  were  formed  originally  by  as- 
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cending  waters  rising  from  below  the  shale  beds,  it  is  difficult 
to  understand  how  the  shale  beds  could  have  much  influence. 
With  fissures  so  close  together  that  ascending  water  could 
spread  laterally  from  fissure  to  fissure,  what  influence  would 
such  shale  beds  have  ? 

(c)  It  has  already  been  pointed  out  in  these  pages  that  the 
ground  water  in  the  mines  is  not  so  entirely  artesian  in  effect 
as  has  been  claimed,  especially  by  Bain.  It  has  been  shown 
that  local  rains  have  a  tremendous  influence  on  the  amount 
of  water  in  the  mine,  and  that  throughout  the  Galena  area 
local  rainfall,  which  is  close  to  forty-flve  inches  per  year,  is 
sufficient  to  account  for  almost  all  the  water  pumped  from 
the  mines.  But  it  should  be  remembered  that  all  over  the 
entire  surface  from  Springfield  westward  rain  water  is  work- 
ing down  into  the  rock  masses  which  now  carry  the  ore.  The 
altitude  of  the  hilltops  in  the  vicinity  of  Springfield  is  about 
1500  feet  above  sea  level,  and  the  valleys  perhaps  200  feet 
less.  The  surface  slopes  quite  regularly  from  here  to  Spring 
river,  where  the  altitude  is  less  than  900  feet.  Throughout 
the  entire  distance  the  surface  of  the  country  is  covered  to  a 
considerable  extent  by  sink  holes  into  which  water  is  con- 
ducted and  there  sinks  out  of  sight  and  unquestionably  joins 
the  ground  water  which  is  working  its  way  westward.  Now, 
we  are  asked  to  ignore  this  large  amount  of  surface  water 
which  joins  the  general  underground  water  and  to  believe 
that  from  the  relatively  small  catchment  area  in  the  vicinity 
of  Cedar  Gap,  where  the  Silurian  porous  formations  come  to 
the  surface,  almost  the  entire  amount  of  mine  water  is  ob- 
tained. Certainly  there  are  two  errors  here.  First,  this 
catchment  area  is  so  small  it  could  not  supply  more  than  a 
tithe  of  the  total  amount  of  water  pumped  from  our  deep 
mines  ;  and  second,  it  does  not  account  for  the  large  amount 
of  surface  water  which  sinks  into  the  ground.  I  think  likely 
the  rainfall  in  the  vicinity  of  Cedar  Gap  may  be  almost  en- 
tirely ignored  at  Galena. 

{d)  Van  Hise  and  Bain  have  used  the  wide-spread  presence 
of  dolomite  throughout  the  mining  district  as  an  argument 
in  favor  of  ascending  waters,  stating  that  the  local  limestones 
have  so  small  an  amount  of  magnesia  they  could  not  have 
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supplied  enough  to  form  the  dolomite,  and,  therefore,  dolo- 
mitic  material  must  have  been  brought  up  from  the  under- 
lying dolomitic  Silurian  limestone.  In  the  first  place  it 
should  be  remembered  that  no  geologist  has  yet  been  able  to 
account  satisfactorily  for  the  wide-spread  existence  of  mag- 
nesia in  certain  limestones,  so  that  until  we  are  able  to  ac- 
count for  the  presence  of  magnesia  in  the  Silurian  limestone 
below  there  is  a  possibility  that  a  similar  origin,  whenever  it 
may  be  found,  may  account  for  the  dolomite  in  the  Joplin 
area.  In  the  next  place,  apparently,  they  were  not  cognizant 
of  an  important  fact  of  observation,  which  is  that  throughout 
the  entire  district  dolomite  is  almost  universally  absent  in 
the  great  flint  areas.  The  Galena  mines  are  located  in  the 
largest  flint  area  in  the  entire  southwest  district  and  not  a 
trace  of  dolomite  has  yet  been  found  within  this  flint  area. 
Here  we  have  mile  after  mile  of  flint  rock  coming  to  the  sur- 
face and  extending  downward  hundreds  of  feet,  flint  rock 
which  is  as  thoroughly  fissured  as  any  in  the  entire  district, 
fissures  which  are  as  entirely  filled  with  secondary  chert  as 
any  to  be  found,  and  yet  no  dolomite  is  present.  On  the 
other  hand,  whenever  we  approach  a  limestone  mass  dolo- 
mite appears  associated  with  calcite,  and  the  mines  where 
limestone  is  or  has  been  the  most  abundant  are  those  pro- 
ducing the  most  dolomite.  This  intimate  relation  of  the 
dolomite  to  the  limestone  beds,  and  this  total  absence  of  it 
from  the  large  flint  areas  should  be  taken  into  account  in  ex- 
plaining the  origin  of  the  dolomite.  It  is  probable  that 
enough  limestone  has  been  dissolved  out  and  carried  away 
to  yield  many  times  the  required  amount  of  magnesia  for  the 
production  of  all  the  dolomite  in  the  entire  southwest  dis- 
trict, even  though  the  limestone  contained  less  than  one-half 
the  amount  of  magnesia  known  to  exist  in  the  Burlington 
limestone,  for  everywhere  it  contains  an  appreciable  amount. 

(e)  The  almost  total  absence  of  barite  or  heavy  spar  in  the 
Galena-Joplin  area  is  significant  when  studied  in  connection 
with  the  great  abundance  of  this  mineral  in  the  eastern  min- 
ing districts,  where  the  Silurian  limestones  are  ore  bearers. 
All  through  the  eastern  districts,  particularly  in  Morgan, 
Miller  and  Washington  counties  and  intervening  areas,  heavy 
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spar  occurs  in  such  great  abundance  that  it  supplies  a  fair 
proportion  of  the  marketable  production  of  America.  What 
its  origin  is  probably  is  not  known.  But  its  association  with 
the  Silurian  limestone  is  well  known.  If,  now,  the  lead  ore 
and  zinc  ore  and  dolomite  of  the  Galena-Joplin  district  owe 
their  origin  to  ascending  waters  which  have  carried  these 
minerals  upward  from  the  Lower  Silurian  limestone,  why 
did  they  not  carry  upward  and  deposit  larger  amounts  of 
heavy  spar?     Its  absence  is  very  significant. 

(/)  With  the  great  abundance  of  lead  ore  and  zinc  ore 
scattered  through  the  Coal  Measure  shales  and  limestones  of 
the  near  by  Kansas  Coal  Measures,  as  previously  explained  in 
detail  in  this  report,  it  would  seem  that  there  might  be  some- 
what of  a  similarity  of  origin  between  the  ore  bodies  in  the 
two  areas.  The  great  richness  of  the  ore  bodies  in  the 
Burlington  limestone  and  flint,  and  the  small  amount  at  any 
one  place,  but  the  wide  distribution  in  the  Coal  Measures, 
can  be  accounted  for  easily  by  Winslow's  assumption  that 
the  rich  ore  bodies  have  been  gathered  by  repeated  sulphide 
enrichment  processes  as  the  Coal  Measures  gradually  melted 
away  under  the  ordinary  influence  of  surface  erosion.  These 
Coal  Measure  shales  in  general  are  almost  water-proof,  as  is 
abundantly  proven  by  the  thousands  of  holes  penetrating 
them  in  the  Kansas  oil  fields  near  by.  Almost  invariably  the 
shale  beds  are  so  dry  that  water  is  added  in  drilling  opera- 
tions. Water  is  found  when  sandstone  and  limestone  are 
reached,  showing  that  the  shales  themselves  have  only  a 
very  slight  water  circulation,  but  which,  however,  is  enough 
to  effect  a  mere  intimation  of  ore  concentration,  producing 
the  widespread  occurrence  of  little  ore  bodies,  or  '*  shines" 
of  the  prospector.  It  is  believed  that  no  one  familiar  with 
the  general  conditions  would  claim  for  a  moment  that  these 
exceedingly  numerous  but  small  concentrations  in  any  way 
were  connected  with  fissures  in  the  Coal  Measures.  There- 
fore, they  must  have  originated  from  the  materials  of  the 
Coal  Measures  themselves.  If,  now,  our  Coal  Measures  ex- 
tended eastward,  as  every  one  believes  they  did,  why  is  it 
not  reasonable  to  suppose  the  oft-repeated  enrichment  proc- 
esses throughout  the  long  period  of  time  required  for  their 
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removal  by  erosion  could  not  and  did  not  have  a  most  marked 
influence  in  concentrating  the  unusually  rich  bodies  of  zinc 
ore  and  lead  ore  in  the  ore  mining  districts. 

By  way  of  r6sum6,  then,  the  writer  would  summarize  his 
views  regarding  the  origin  of  ore  bodies  in  the  mining  dis- 
trict somewhat  as  follows : 

First. — The  prevailing  ground  water  throughout  the  min- 
ing area  is  surface  water,  probably  more  than  ninety  per  cent, 
of  it  having  fallen  as  rain  farther  west  than  the  surface  ex- 
posures of  Silurian  rocks  in  the  Ozark  area.  This  water  has 
worked  its  way  downward  through  various  openings  in  the 
Burlington  limestone,  as  water  generally  does,  and  has 
joined  the  permanent  body  of  underground  water  which, 
also,  is  migrating  slowly  westward,  down  the  inclined  bed- 
ding planes  of  the  Burlington  rocks,  and  here  and  there  mani- 
fests an  artesian  effect,  as  is  universally  the  case  the  world 
over  where  such  conditions  obtain.  Added  to  this  ground 
water  is  an  unknown  but  relatively  small  amount  of  water 
which  may  work  its  way  upwards  from  the  underlying  Silurian 
rocks.  These  waters  mingle  and  become  as  one  body,  making 
it  impracticable  to  separate  them  from  each  other  in  effect 
and  in  their  influence. 

Second. — The  fissures  and  openings  where  the  ore  now  oc- 
curs were  produced,  first,  partly  by  earth  movements  which 
fractured  the  rocks,  the  flints  vastly  more  extensively  than 
the  limestones  on  account  of  their  greater  brittleness,  and,  sec- 
ondly, by  the  dissolving  out  of  limestone  interbedded  with 
flint.  These  fissures  and  openings  were  modified  and  greatly 
enlarged  by  the  stretching  movements  due  to  processes  which 
uplifted  the  Ozark  area,  the  forces  of  which  acted  radially, 
stretching  the  surface  and  increasing  its  dimensions  rather 
than  contracting  them,  as  would  have  been  done  had  the 
forces  acted  tangentially.  Also,  there  was  produced  a  con- 
siderable amount  of  local  radial  contraction  due  to  the  dis- 
solving of  the  limestone  and  the  falling  together  of  alKresidual 
material,  such  as  flint  and  residual  clay.  This  local  radial 
contraction  in  places  may  have  produced  small  vertical  dis- 
placements, the  exact  value  of  which  cannot  be  determined, 
but  sufficient  to  produce  local  fault  effects,  with  the^faults 
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lying  as  regular  in  direction  and  extent  as  such  local  con- 
tractions would  require.  Occasionally  by  this  shrinkage 
slight  tangential  contractional  tendencies  might  be  produced 
and  the  small  amount  of  '^slicken  sides"  phenomena  readily 
accounted  for. 

Tldrd. — Ascending  waters,  to  whatever  extent  they  occur^ 
may  have  brought  with  them  some  lead  ore  and  zinc  ore  and 
may  have  concentrated  the  same  in  the  fissures.  But  a  much 
larger  amount  of  ore  probably  was  concentrated  from  the  over- 
lying Coal  Measure  formations  gradually  removed  by  surface 
erosion,  during  which  time  surface  descending  waters  worked 
their  way  downward  into  the  fissures  within  the  Burlington 
limestone  and  flint.  This  oft-repeated  surface  enrichment  by 
processes  so  thoroughly  explained  by  Van  Hise,  Weed,  Em- 
mons, and  others,  and  now  so  well  understood  and  univer- 
sally accepted  by  geologists,  probably  has  been  the  main 
agency  for  the  accumulation  of  great  and  almost  unparalleled 
bodies  of  zinc  ore  and  lead  ore  in  the  Galena-Joplin  district. 
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PREFACE. 

A  DESCRIPTION  of  the  methods  of  mining  and  milling  in 
"^^  any  region,  to  be  complete,  should  incorporate  the  prac- 
tice of  the  whole  region  of  whi6h  that  particular  district  is  a 
part,  and  for  that  reason  the  writer  feels  somewhat  handi- 
capped in  confining  his  discussion  of  methods  of  mining  and 
milling  of  lead-zinc  ores  to  the  Galena  portion  of  the  Joplin 
area.  Furthermore,  the  Joplin  portion  of  the  region  has  prob- 
ably led  in  the  introduction  of  new  ideas  and  methods,  both  in 
mining  and  milling ;  consequently  statements  regarding 
methods  and  processes  may  be  somewhat  at  variance  with  the 
practice  familiar  to  those  in  other  parts  of  the  Joplin  region, 
as  well  as  in  other  parts  of  the  country.  There  is,  however, 
very  little  difiference  in  the  methods,  taken  as  a  whole,  while 
in  a  few  instances  the  practice  along  certain  lines  has  far  ex- 
celled that  in  other  parts  of  the  region. 

Brief  statements  and  descriptions  are  made  explanatory  of 
the  methods  of  prospecting,  development,  and  mining ;  also 
regarding  the  practice  in  milling  of  ores.  The  machines, 
typical  of  certain  operations  or  processes,  are  described,  and 
their  construction  illustrated  by  pen  sketches  and  photo- 
graphs. 

It  has  neither  been  the  purpose  nor  intention  of  the  writer 
to  prepare,  in  this  connection,  a  detailed  treatise  on  the  the- 
ory or  practice  of  the  district ;  rather,  he  has  attempted  to 
elucidate,  by  the  simplest  means  possible,  the  typical  and 
fundamental  methods  shorn  of  many  confusing  modifica- 
tions ;  similarly  with  the  apparatus  employed,  types  have 
been  chosen,  and  explained  more  largely  by  graphical  than 
by  literal  means. 

Little  theory  has  been  incorporated  in  the  work — the  idea 
being  to  prepare  a  report  which  could  be  readily  understood 
by  the  layman  ;  i.  e.,  by  those  not  especially  acquainted  with 
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the  operations  of  the  district  and  who  desire  to  familiarize 
themselves  with  it  in  the  shortest  time  and  the  simplest  way. 
However,  accuracy  has  not  been  sacrificed  to  brevity  or  sim- 
plicity. 

The  sources  from  which  the  information  has  been  derived 
are  :  Personal  visits  to  mines  and  mills  and  the  manufactur- 
ers of  mine  and  mill  machinery,  and,  finally,  technical  litera- 
ture. 

The  writer  is  especially  indebted  to  both  mine  and  mill 
owners  and  operators  for  their  interest  in  the  work,  little  of 
which  could  have  been  done  without  their  assistance  and  co- 
operation. Although  considerable  time  has  elapsed  since 
the  actual  field  work  was  done,  yet  the  methods,  in  many 
lines,  have  changed  but  little.  Nevertheless  changes  have 
taken  place  and  in  many  and  varied  ways,  and  although  the 
writer  has  in  a  way  kept  in  touch  with  the  practice  both  by 
occasional  visits  and  correspondence,  yet  no  attempt  has  been 
made  to  change  the  body  of  the  report.  Results  previously 
obtained  have  been,  in  some  instances,  recast  and  some  new 
matter  introduced  by  the  addition  of  another  chapter  — 
Addenda. 

Special  acknowledgments  are  due  to  Prof.  Erasmus  Ha- 
woRTH,  the  Director  of  the  University  Geological  Survey,  for 
directions  and  suggestions  regarding  the  work  and  for  hearty 
cooperation  both  in  the  field  and  oflSce  ;  to  Dr.  A.  F.  Rogers, 
Mineralogist  for  the  Survey,  for  his  cordial  and  efficient 
assistance  in  many  ways ;  and  to  Prof.  H.  S.  Munrob,  pro- 
fessor of  Mining,  Columbia  School  of  Mines,  for  much  valuable 
information  and  many  suggestions  relative  to  mining  and 
milling  methods.  ^    j^    ^^^^^ 

University  of  Kansas,  October  1, 1904. 


METHODS   OF  PR08PECTIN0  AND  MININO  EMPLOYED 
IN  THE  KANSAS  LEAD  AND  ZINC  DISTRICT. 


METHOD  OF  PBOSPEOTING  BT  DBILL. 

Prospecting  is  the  first  step  taken  in  the  development  of  a 
mineral  property.  If  the  prospecting  shafts  or  drill  holes  do 
not  show  a  sufficiently  large  body  of  ore,  the  property  is 
abandoned. 

Prospecting  in  this  district  was  formerly  done  by  test  pits 
or  shafts,  but  that  method  of  proceedure  is  now  being  super- 
seded by  drilling,  which  is  more  rapid,  and  in  most  cases 
cheaper,  although  much  more  uncertain.  Prospecting  by 
drilling  in  irregular  deposits  has  proven  in  most  cases  unre- 
liable and  unsatisfactory.  The  hole  may  pass  within  a  few 
inches  of  a  rich  body  of  ore,  and  yet  give  no  indication  of  its 
presence;  or,  again,  it  may  pass  through  a  small,  fiat  or 
lenticular  mass  of  ore  in  such  a  manner  as  to  lead  to  the 
belief  that  a  large  body  of  ore  has  been  struck.  Only  by  a 
thorough,  systematic  arrangement  of  holes  can  anything  defi- 
nite be  learned. 

A  large  number  of  widely  difi'erent  forms  of  prospecting 
and  well  drills  are  kept  busy  in  this  district,  preparing  the 
way  for  further  development. 

There  is  not  much  to  be  said  in  regard  to  the  method  of 
drilling  employed,  yet,  in  the  operations  taken  as  a  whole, 
there  is  no  single  machine  that  requires  such  careful  atten- 
tion, no  single  operation  necessitating  such  skilful  labor,  as 
does  drilling  in  the  fiint  districts  around  Galena. 

The  American  rope  or  oil-well  system  is  the  most  common 
in  the  district.  The  carpenter's  rig  is,  however,  only  occasion- 
ally used.     Self-contained  machines  are  in  more  general  use. 

The  method  of  operation  is  as  follows :  A  standard  or 
tower  with  a  sheave  at  the  top  forms  part  of  the  framework 
of  the  drill.     A  rope  passes  over  the  sheave,  one  end  of  which 
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is  fastened  to  the  tool,  the  other  is  wound  on  a  drum,  which 
unwinds  as  the  tool  cuts  deeper.  An  up-and-down  movement 
is  given  to  the  tool  by  different  forms  of  mechanical  devices, 
acting  intermittently  on  the  drum  or  surface  end  of  the  rope. 

In  drilling  the  tool  is  lowered  to  within  four  to  six  inches 
of  the  bottom  of  the  hole ;  it  is  then  raised  and  dropped,  and 
on  reaching  the  end  of  the  rope,  the  rope  springs,  allowing 
the  tool  to  strike  the  bottom  of  the  hole,  when  the  elasticity 
of  the  rope  starts  it  back.  The  spring  of  the  rope  is  relied 
upon  to  keep  the  tool  free ;  otherwise,  the  loosening  of  the 
line  of  tools  often  causes  considerable  delay  and  extra  ex- 
pense. The  utilizing  of  the  spring  of  the  rope  is,  it  is 
claimed,  the  secret  of  successful  drilling  in  this  district.  The 
same  results  are,  however,  obtained  by  the  use  of  jars. 

The  tool  is  turned  from  one-eighth  to  one-quarter  of  a  revo- 
lution after  each  stroke,  thus  keeping  the  hole  round,  which 
is  necessary  to  keep  it  straight.  If,  as  often  occurs,  a  soft 
pocket,  a  crevice  or  a  boulder  is  struck,  the  tool  may  slip  to 
one  side  and  the  direction  of  the  hole  be  changed.  To  remedy 
such  a  defect  when  it  occurs,  a  charge  of  dynamite  is  lowered 
into  the  hole,  and  fired,  which  will  destroy  the  irregularity 
and  allow  the  tool  to  resume  its  perpendicularity. 

A  skilled  hand  on  the  rope  can  readily  detect  any  alteration 
in  the  character  and  structure  of  the  formation  and  in  the 
passage  from  one  formation  to  another.  At  each  stroke  the 
tool  must  be  steadied  before  dropping,  which  takes  but  an 
instant,  however.  From  thirty-five  to  forty  strokes  per  minute 
in  limestone  and  from  forty  to  forty-five  per  minute  in  flint 
are  the  average  speeds. 

Just  enough  weight  is  put  on  the  line  of  tools,  which  con- 
sists of  the  bit,  auger  stem,  sinker  bar,  and  rope  socket,  to 
make  the  tool  or  bit  cut  without  breaking  or  battering.  From 
sixteen  to  thirty-five  feet  of  four-inch  round  rod  are  used,  the 
length  varying  with  the  depth  of  the  hole. 

A  sand  pump  is  used  to  keep  the  hole  clean  and  to  show 
the  character  and  thickness  of  the  strata  passed  through. 
When  limestone  is  drilled,  the  finely  ground  stone  forms  a 
sort  of  cement  on  the  sides  of  the  hole,  even  closing  it  up  en- 
tirely.    This  phenomenon  is  called  **  balling."     A  special 
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form  of  sand  pump  is  employed  to  cut  through  this  coating 
of  cement,  and  is  called  a  ''bailer."  It  is  furnished  with  a 
cast-iron  nose,  which  is  a  portion  of  the  valve  which  projects 
beyond  the  end  of  the  bailer. 

Steam  power  is  generally  employed  to  lift  the  line  of  tools, 
t. «.,  operate  the  drill,  although  in  rare  instances  horse  power 
is  used. 

The  rate  of  drilling  varies  from  20  feet  a  day  in  soft  lime- 
stone to  6  or  7  feet  in  solid  flint.  In  ordinary  ground,  10  or 
16  feet  a  day  is  considered  good  progress. 

Method  of  Casingr  Drill  Holes. 

The  depth  reached  by  the  drill  hole  before  casing  is  begun 
varies  greatly,  on  account  of  water  and  the  character  and 
condition  of  the  ground.  Where  it  is  thought  necessary  to 
begin  casing,  the  tool  is  removed  and  a  piece  of  casing  (ordi- 
nary wrought-iron  pipe)  is  placed  in  the  hole  and  driven 
down.  A  steel  shoe  screwed  to  the  lower  end  of  the  casing 
is  often  employed  to  protect  it  from  becoming  cut  and  dented 
by  striking  a  projecting  rock.  Driving  blocks  are  employed 
to  aid  in  forcing  the  casing  into  the  hole.  A  driving  ring  is, 
however,  first  placed  on  the  top  of  the  pipe  to  protect  it  from 
the  driving  block.  The  line  of  tools  is  then  lowered  into  the 
casing  with  a  driving  block  attached  to  it.  There  are  sev- 
eral forms  of  blocks,  one  of  which,  the  one  above  mentioned, 
consists  of  two  blocks  of  iron,  clamped  to  the  line  of  tools; 
another  form  consists  of  a  heavy  block  of  wood,  which  slides 
on  guides  and  has  a  ring  fastened  to  the  top,  to  which  is  at- 
tached the  drill  rope.  When  an  iron  block  is  used,  a  pipe  is 
fitted  into  the  lower  end,  which  works  inside  the  casing,  thus 
holding  the  block  in  position.  In  either  case,  when  the  drill 
is  set  in  motion  the  block  is  slowly  raised,  then  falls,  acting 
as  a  pile-driver. 

When  the  top  of  the  casing  is  within  a  few  inches  or  a  foot 
of  the  ground  the  block  is  removed,  together  with  the  driv- 
ing ring  or  plate,  and  drilling  is  resumed.  When  more  cas- 
ing is  to  be  added,  it  is  fastened  to  the  piece  already  in  the 
ground  by  screwing  the  two  together,  in  the  ordinary  way 
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that  gas  pipes  are  fitted  together  or  by  a  special  inside  con- 
nection, and  the  whole  is  driven  into  the  ground  as  before. 

To  determine  the  exact  amount  of  mineral  contained  in  the 
cuttings  made  by  the  drill,  in  passing  through  a  deposit,  a 
sort  of  hand  panning  may  have  to  be  resorted  to,  as  is  often 
done  in  prospecting  for  coal.  The  per  cent,  that  the  mineral 
is  of  the  total  material  loosened  can  then  be  determined,  and 
the  thickness  and  richness  of  the  ore  body  passed  through 
calculated  approximately.  Diamond  drills  cannot  be  suc- 
cessfully eniployed,  except  with  cementing,  i.  «.,  employing 
cement  to  close  up  all  fissures,  due  to  the  highly  fissured  con- 
dition of  the  formation. 

METHOD  OF  DEVELOPING  MINERAL  PB0PEBTIE8. 

As  a  rule  development  work  in  this  district  does  not  extend 
beyond  the  sinking  of  shafts,  and  is  so  closely  identified  with 
mining  proper  that  it  is  usually  considered  as  a  part  of  that 
work.  Nevertheless  considerable  development  work  is  done 
entirely  independent  of  the  work  of  extraction  or  removal 
of  ore,  and  consists  largely  of  drifts  run  in  any  direction  lat- 
erally and  even  vertically  in  search  of  supposed  ore  bodies. 
All  indications  and  traces  of  mineral  are  carefully  followed 
in  such'work,  but,  owing  to  the  lack  of  any  well-defined  fis- 
sures or  fissured  zones  and  any  regularity  in  occurrence  of 
ore  bodies,  development  work  is  unsatisfactory  at  best,  and 
for  that  reason  is  usually  merged  into  and  intimately  asso- 
ciated with  mining. 

Methods  of  Mining:. 

The  method  of  mining  employed  is  generally  known  as 
**  underhand  stoping,*'  the  ore  being  removed  in  most  cases  by 
underhand  work.  A  similar  method  is  employed  in  the  south- 
east Missouri  lead  mines  and  in  massive  and  lenticular  de- 
posits of  iron  and  other  ores  the  world  over. 

The  occurrence  of  the  ore  is  such  that  the  method  of  un- 
derhand stoping  of  breasts  seems  the  most  practicable  and 
also  the  simplest  and  most  economical.  In  most  cases  the 
deposits  are  so  irregular  that  pillars  of  barren  rock  can  be 
left  at  a  suflBciently  large  number  of  points  to  insure  safety 
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to  the  workings,  although  there  is  no  regularity  in  their  ar- 
raogement.  Even  when  the  whole  rock  mass  Ibso  thoroughly 
impregnated  with  ore  aa  to  warrant  the  milling  of  it  all, 
pillars  are  left  during  the  removal  of  the  larger  part  of  the 
ore,  and  then  robbed,  when  the  ore  has  been  exhausted,  or 
left  as  permanent  supports.  When  much  barren  rock  oc- 
curs, or  where  the  ore  is  sparsely  disseminated  through  the 
rock,  it  would  probably  be  better  to  leare  the  pillars,  although 
partially  composed  of  ore,  as  permanent  support.  This  is, 
however,  seldom  done.  If  any  ore  is  risible  on  the  sides  of 
the  pillars,  they  are  generally  robbed.  This  method  is  modi- 
fied somewhat  when  soft,  water-bearing  formations  are  met. 
The  plans  of  underground  workings  as  shown  in  figures 
8  and  9  will  give  an  idea  of  the  irregularity  of  the  method 
of  working  in   hard  ground.     The  dotted    lines  represent 
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drifts  and  workings  at  a  lower  level  than  those  represented 
by  solid  lines. 

Drifting  and  mining  must  be  carried  on  more  systematically 
in  soft  than  in  solid  ground.  Figures  12  and  13  show  two 
methods  of  laying  out  the  work  underground.  In  figure  13, 
A,  B,  Cf  etc.,  are  blocks  of  ground  which  may  be  wholly  or 
partly  removed,  depending  on  the  occurrence  of  the  ore.  A 
whole  square  may  be  removed  by  starting  at  one  side  and 
working  parallel  to  the  face,  as  shown  in  A;  but  supporting 
timbers,  as  sets  or  cribs,  accompanied  by  lagging  and  ''fore- 
poling,"  must  be  resorted  to. 

In  the  early  history  of  mining  in  this  district  the  leases 
were  given  in  lots  ranging  from  one  hundred  to  two  hundred 
and  ten  feet  square.  When  operations  were  begun  on  a 
larger  scale  leases  of  five  acres  were  common,  but  at  the  pres- 
ent time  many  of  these  leases  have  expired  or  have  been 
forfeited  and  the  ground  is  being  leased  to  ''hand-jig"  out- 
fits according  to  the  former  system,  i.  e.  one  hundred  to  two 
hundred  and  ten  foot  lots.  This  method  of  leasing  is  becom- 
ing quite  common  again  and  is  being  closely  adhered  to  in 
many  properties,  notably  so  in  the  Mas  tin  diggings  and  with 
other  properties,  especially  in  the  Galena  portion  of  the  Joplin 
district. 

Most  of  the  ground  thus  far  developed  is  hard.  Occasion- 
ally soft,  wet  ground  is  encountered,  when  the  running  of 
drifts  and  even  the  extraction  of  ore  is  accomplished  by  the 
"forepoling"  process. 

A  very  small  per  cent,  of  the  workable  area  in  the  district 
is  soft,  so  that  very  little  timbering  is  done  outside  of  the 
shafts.  As  there  is  no  regularity  in  the  distribution  of  the 
soft  areas,  both  hard  and  soft  ground  workings  may  be  nec- 
essary in  the  same  mine,  thus  requiring  the  employment  of 
the  two  methods  of  exploitation,  namely,  "breast  and  under- 
hand stoping"  and  "forepoling." 

DETAILS    OF    METHODS    OP    MINING. 

Mining  in  Hard  Gkound. — The  shaft  is  first  sunk ;  that 
is,  the  soil  and  rock  are  removed  from  a  space  varying  from 
three  and  one-half  feet  square  to  five  and  one-half  by  eight 
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feet  in  the  clear.  When  this  square  or  rectangular  opening 
has  been  sunk  to  the  ore,  it  is  hollowed  into  a  basin  5  to  10 
feet  deep,  which  forms  a  temporary  '^sump,"  acting  as  a  re- 
ceptacle for  the  surplus  waters  of  the  mine.  The  ore  hav- 
ing been  reached,  and  the  sump  formed,  an  opening  is  cut 
into  the  side  of  the  shaft.  This  opening,  or  heading,  is  the 
beginning  of  a  drift,  and  is  generally  high  and  wide  enough 
for  two  men  to  work  in,  side  by  side,  with  ease.  Nothing 
but  the  direction  which  the  lead  of  the  ore  takes  governs  the 
cutting  of  the  drift  horizontally.  It  is,  however,  always  run 
on  an  approximate  level.  If  at  any  point  in  the  advancing 
of  the  drift  the  ore  body  is  found  to  widen  out,  the  horizontal 
dimensions  of  the  drift  may  increase  from  one  hundred  to  two 
hundred  feet.  In  most  cases,  however,  portions  of  the  ore 
or  rock  mass  are  left  as  supports  or  pillars,  which,  if  the 
former,  are  generally  removed  before  abandoning  the  mine. 
If  the  ore  body  thickens  or  extends  upward,  the  roof  will  be 
stoped  down,  or  as  is  generally  the  case,  due  to  the  method 
of  development  employed,  the  bulk  of  the  ore  lies  below  the 
exploring  drift,  the  floor  is  stoped  up. 

In  the  former  case,  the  ore  is  removed  by  ''overhand 
stoping,''  while  in  the  latter  case  by  ''underhand  stoping." 
As  little  or  no  separation  of  the  barren  rock  from  the  ore  is 
attempted  underground,  the  complete  extraction  of  the  ore 
being  the  object,  the  latter  of  the  two  methods  above  men- 
tioned is  the  most  applicable. 

Drifts  are  started  from  the  shaft,  as  soon  as  an  indication 
of  ore  is  found,  so  as  to  strike  the  upper  part  of  the  ore 
body.  If  successful,  the  operation  of  underhand  stoping  be- 
gins. The  drift  is  first  driven  for  quite  a  distance  in  the  ore 
body,  or  through  it ;  at  the  same  time  it  is  widened  out, 
both  for  the  purpose  of  removing  the  ore  and  to  deter- 
mine the  extent  of  the  deposits.  It  is,  therefore,  evident 
that  the  process  of  stoping  increases  the  vertical  dimensions 
of  the  workings  even  to  a  hundred  feet  or  more,  while  ad- 
vancing the  breast  increases  the  horizontal  dimensions,  to 
which  operation  there  is  no  limit,  if  proper  supports  or  pil- 
lars, natural  or  artificial,  are  provided.  If  no  supports  are 
furnished,  the  rooms   seldom   exceed  a  breadth  of  fifty  or 
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sixty  feet.  The  breadth  of  the  workings  varies  greatly,  how- 
ever, due  to  the  difiference  in  formations  found  in  the  differ- 
ent localities. 

Mining  in  Soft  Ground. — When  soft  ground  is  worked  the 
process  of  sinking  the  shafts  and  forming  the  sumps  is  the 
same  as  when  hard  ground  is  worked.  The  shaft  will,  how- 
ever, always  have  to  be  lined  for  support.  The  drift  or  drifts 
are  timbered  by  sets,  consisting  of  sills,  posts,  and  caps,  which, 
together  with  sharpened  stakes  called ''spiles"  or ''poling 
boards,"  are  driven  on  the  sides  and  top  of  the  sets.     These 
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spiles  aid  in  the  advancing  of  the  drift,  and  ultimately  form 
a  permanent  support  for  the  roof  and  walls.  (  See  '*  Method 
of  Timbering.")  When  a  drift  has  been  driven  as  far  as  de- 
sired other  drifts  are  taken  up  by  the  side  of  it.  This  lateral 
enlargement  of  the  excavated  portion  is  continued  until  all 
the  ore  has  been  removed  on  that  level.  When  the  ** slice," 
as  it  may  be  called,  of  the  deposit  has  been  worked  out,  a 
new  slice  is  started  at  the  shaft.  Before  drifting  for  the 
second  slice  is  begun,  the  timbers  are  partially  removed, 
all  remaining  supports,  natural  or  artificial,  are  destroyed  by 
being  blasted  down.  Poles  thrown  on  the  floor,  together  with 
the  timber  left  in  the  abandoned  drift,  form  a  mat  upon  which 
the  roof  and  superincumbent  material  fall,  and  so  form  a  solid 
roof  for  the  subsequent  drifts  below.  Drifts  are  then  driven 
under  the  mat  of  timbers,  placing  the  caps  of  the  sets 
directly  under  the  mat.  By  this  method  of  procedure  a  very 
stroug  roof  is  possible.  Drifts  are  run  as  in  the  first  slice 
until  the  ore  has  been  exhausted  on  this  level  also.  The  sup- 
ports will  then  be  removed,  or  shot  down,  and  a  new  level 
begun,  and  so  on  until  all  the  ore  has  been  extracted. 

Open  Cut  Work. — Little  or  no  open  work  has  been  done, 
to  our  knowledge,  until  within  the  last  year  (1901).  Open 
cut  work  is  now  being  undertaken  in  the  neighborhood  of 
Galena.  The  principal  workings  are  on  the  south  bank  of 
Short  creek,  between  Empire  and  Galena.  The  mine  is  lo- 
cated on  a  strip  of  country  lying  in  the  valley  of  the  creek, 
which  has  been  quite  productive  in  times  past,  but  owing  to 
the  highly  fissured  condition  of  the  formation,  also  to  the 
fact  that  the  creek  has  no  well  defined  channel,  flooding  is  of 
common  occurrence.  Several  flumes  have  been  constructed 
over  the  greater  portion  of  the  ground,  probably  extending 
over  a  distance  of  twenty-five  to  thirty  rods,  but  it  has  proven 
rather  difficult  to  maintain  them,  and  for  that  reason  mining 
has  not  flourished.  At  present  there  is  a  flume  in  good  con- 
dition and  most  of  the  mines  are  fairly  dry.  The  mine  or 
open  cut,  in  question,  is  located  on  the  site  of  an  old  mine 
which  had  caved  in  but  was  known  to  be  fairly  rich  in  min- 
eral.    An  attempt  is  now  being  made  to  open  it  up  by  start- 
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ing  at  the  foot  of  the  original  shaft  by  which  the  mine  wa» 
worked,  and  extending  the  workings  into  the  broken  ground,, 
thus  drawing  off  the  materials  which  have  fallen  and  rua 
into  the  mine.  The  loose  materials  are  rapidly  being  re-^ 
moved,  exposing  a  large  funnel-shaped  opening  of  ellipticals 
cross-section — minor  and  major  axes  one  hundred  and  two^ 
hundred  feet,  with  a  depth  of  about  75  feet.  On  several  sides 
the  walls  are  precipitous  and  even  overhanging.  The  drifts 
and  stopes,  by  which  the  mine  was  formerly  worked,  are  ex- 
posed upon  the  sides  of  the  cut,  but  most  of  them  are  at  leasts 
partially  filled  with  the  debris  of  the  cave-in. 

The  track  leading  into  the  workings  runs  from  the  foot  or 
the  shaft  through  a  drift  thirty-five  feet  long  and  extends  into* 
the  open  cut  for  a  distance  of  fifty  feet  or  more. 

Up  to  the  present  time  the  waste  and  pay  dirt  have  been: 
removed  from  the  cut  in  a  similar  manner,  i.  e.,  in  the  same 
cars  and  by  the  same  shaft,  but  an  inclined  track  or  slope  is 
being  rapidly  put  in  place,  which  extends  from  a  height  of 
30  or  40  feet  above  ground,  downward  at  an  angle  of  forty-five 
degrees  to  the  bottom  of  the  cut.  Upon  this  slope,  cars  are  to 
be  opera]ied  by  a  cable  ;  thus  the  waste  will  be  run  out  to  one 
side  and  dumped.  The  method  of  raising  the  ore  from  the 
bottom  of  the  open  cut  and  transferring  to  the  mill  will  be 
described  under  "Surface  Appliances  for  Handling  Ore." 

Methods  of  Shaft  Sinkingr. 

Formerly  prospecting  was  done  almost  entirely  by  test  pit» 
or  shafts.  Drilling  is  now  looked  upon  with  much  more  favor, 
due  probably  to  the  fact  that  it  is  easier,  quicker  and  in  most 
cases  much  cheaper  than  sinking  a  shaft. 

There  is  no  definite  rule  by  which  the  best  location  of  a 
shaft  may  be  determined,  although  a  great  many  theories  are 
advanced  regarding  the  same,  namely,  low  ground,  a  north- 
ern slope,  a  flint  formation,  or  a  locality  in  which  flint  s 
known  to  occupy  the  lower  level,  a  locality  where  a  con  b 
structure  is  prevalent  or  where  the  formations  are  colored  I  y 
the  oxidation  of  pyrite,  and  a  recent  opinion,  which  is  rapidly 
gaining  ground,  that  next  to  a  limestone  bar  is  a  good  loca- 
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tion  for  a  shaft.  The  latter  theory  has  been  strengthened  by 
some  phenomenal  finds. 

Whether  a  shaft  is  to  be  used  for  prospecting  purposes  or  as 
a  permanent  affair  the  method  of  sinking  is  the  same. 

Formerly  the  shafts  were  made  considerably  smaller  than 
at  the  present  time  and  were  square,  only  enough  room  being 
given  to  allow  the  passage  of  the  bucket.  Most  of  these 
shafts  did  not  reach  a  depth  of  more  than  fifty  or  sixty  feet 
below  the  surface  and  did  not  enter  the  lower  levels  into 
which  most  of  the  shafts  of  to-day  pass  and  in  which  more  or 
less  water  is  found.  With  the  occurrence  of  water  in  large 
quantities,  the  problem  of  ''beating"  or  keeping  it  below  the 
mine  level  could  only  be  solved  by  the  introduction  of  pumps. 
The  lifting  of  water  by  buckets  is  rather  an  inefficient  and 
uneconomical  method  ;  thus  the  size  of  the  shaft  was  of  neces- 
sity increased  in  one  dimension,  at  least,  to  permit  the  work- 
ing of  both  pump  and  ore  bucket  in  the  same  shaft. 

Some  of  the  older  shafts,  still  to  be  found  in  the  district, 
are  as  small  as  three  and  one-half  feet  square,  but  most  in 
use  at  the  present  time  vary  from  4  x  5  up  to  5  x  7  and  8  feet. 
The  introduction  of  cages  will  come  with  deeper  mining  and 
they  are  in  fact  employed  in  several  of  the  more  modern 
plants. 

Shafts  are  sunk  in  the  softer  material,  as  dirt,  sand,  gravel, 
etc.,  by  the  use  of  pick  and  shovel.  The  harder  materials 
are  loosened  by  powder.  The  charges  are  usually  placed  ac- 
cording to  the  American  center  cut  system,  especially  where 
steam  or  compressed  air  drills  are  employed.  When  hand 
drilling  is  employed,  the  natural  cleavage,  fissures  and  bed- 
ding planes,  where  they  occur,  of  the  rock  mass  can  be  taken 
advantage  of,  modifying  somewhat  the  center  cut  system. 

As  will  be  explained  in  detail  under  drifting,  stoping,  and 
the  exploitation  of  a  mine,  rock  must  be  "free"  or  unbound 
to  be  blasted  easily  ;  otherwise  considerable  of  the  force  of  the 
explosive  will  be  uselessly  expended.  The  arrangement  of 
the  shot  must  be  such  as  to,  first,  loosen  as  much  rock  as 
possible;  and  second,  to  unbind  or  free  that  part  which  re- 
mains, in  order  that  the  shaft  may  be  squared  up  to  the  proper 
dimensions  with  little  further  use  of  powder,  pick,  and  bar. 
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These  results  are  obtained  for  small  shafts  by  arranging 
several,  generally  from  four  to  twelve  shots,  so  that  they  will 
slope  from  the  corners,  to  the  center  of  the  shaft.  They  are 
usually  placed  about  a  foot  from  the  corners,  the  degree  of 
slope  depending  largely  upon  the  dimensions  of  the  shaft  and 
also  upon  the  hardness  and  structure  of  the  rock.  Nearly  all 
of  the  shots  are  ''squibbed"  ;  that  is,  the  end  of  the  drill  hole 
is  enlarged  by  discharging  a  stick  of  powder  in  it.  The 
process  of  squibbing  is  identical  with  that  of  blasting,  and 
varies  only  in  the  amount  of  powder  used.  In  some  cases 
only  half  a  stick  of  powder  is  used  and  in  others  even  two  and 
three  sticks  are  necessary.  Holes  are  squibbed  to  furnish  a 
receptacle  for  the  charge  which  is  to  follow  and  accomplish 
the  desired  work.  Squibbing  consists  in  placing  a  small 
charge  in  a  hole,  not  sufficient,  however,  to  blow  out  the  rock 
mass,  but  simply  to  crack  and  fissure  the  rocks,  even  powder- 
ing it  for  a  few  inches  or  so  about  the  end  of  the  drill  hole. 
If  there  is  much  water  in  the  mine  the  drill  hole  may  rapidly 
fill ;  such  being  the  case,  a  sand  pump,  or  gun,  is  used  to  re- 
move the  water  and  ground  up  rock ;  if  the  hole  is  dry,  a 
spoon  is  employed  to  scrape  the  hole  clean.  (For  illustra- 
tion of  these  two  pieces  of  apparatus,  see  figure  24.)  After 
firing  the  charges  thus  arranged,  a  large  cavity  will  be  formed 
in  the  center  of  the  floor  of  the  shaft.  Charges  are  then 
placed  from  six  inches  to  a  foot  from  the  corners  and  the 
same  distance  from  the  walls  along  the  sides,  on  the  bottom 
of  the  shaft.  These  charges  when  fired  will  loosen  and  tear 
out  the  rock  to  the  level  of  the  cavity  formed  by  the  first  set  of 
shots,  and  will  so  loosen  the  rock  on  the  sides  and  corners  of 
the  shafts  as  to  render  it  easy  to  square  up  to  the  proper  size 
with  pick  and  bar.  As  will  be  seen  from  the  above,  the 
charges  are  so  placed  that  the  material  which  is  to  be  removed 
will  lie  within  the  line  of  least  resistance  to  the  action 
of  the  charge,  thus  causing  it  to  be  broken  up  easily.  The 
first  set  of  charges  are  placed  close  together  in  order  that  they 
may  act  synchronously.  The  holes  are  fairly  long  and  slant 
towards  the  center  of  the  shaft,  so  that  when  charged  and 
tamped  the  line  of  least  resistance  will  not  be  back  along  the 
hole,  but  vertical ;  thus  the  center  is  removed,  which  will  free 
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the  remaining  portions  on  the  sides.  The  charges  put  in 
vertical  holes  along  the  sides  will  have  the  lines  of  least  re- 
sistance towards  the  center  of  the  shaft. 

For  larger  shafts  more  charges  may  be  employed,  and  con- 
sequently a  different  arrangement  of  the  same  will  be  neces- 
sary. The  plan  of  removing  the  center  and  so  freeing  the 
remaining  portion  is  adhered  to  in  all  cases.  Several  differ- 
ent arrangements  of  holes  for  shaft  sinking  are  shown  in  A 
and  B,  figure  16.  By  the  method  described  above,  the  shaft 
is  sunk  until  the  ore  is  found  in  paying  quantities,  or  the 
shaft  is  abandoned,  ore  not  having  been  found.  In  the  lat- 
ter case  it  serves  simply  as  a  prospect  shaft. 

Methods  of  Cribbingr. 

There  are  three  reasons  for  cribbing  or  lining  shafts, 
namely  :  First,  to  prevent  caving  in,  which  is  the  principal 
reason ;  second,  to  cover  up  the  rough  irregularities  of  the 
walls  of  the  shaft;  and  third,  to  furnish  a  firm  support  for 
the  ladder  and  any  machinery,  such  as  pumps,  ventilating 
flues,  etc.,  which  it  may  be  necessary  to  place  in  the  shaft. 
The  necessity  of  having  a  very  strong  cribbing  is  therefore 
apparent. 

More  attention  is  now  being  paid  to  cribbing  than  for- 
merly, not  only  in  regard  to  the  method  of  putting  the  timbers 
together,  but  with  regard  to  the  quality  of  material  used. 
This  has  been  brought  about  not  only  by  the  inefficiency  of 
the  more  crudely  formed  and  cheaper  constructions,  but  by 
deeper  mining,  which  is  rapidly  revolutionizing  not  only  the 
size  but  all  appurtenances  of  the  shaft.  Formerly  most  of 
the  cribbing  used  consisted  of  small  poles  cut  from  scrub  oak, 
which  abounds  in  the  district.  These  poles  are  about  two  to 
two  and  one-half  inches  in  diameter  and  are  cut  in  lengths 
to  fit  the  shaft.  The  bark  is  left  on  the  poles  to  keep  them 
from  slipping.  But  they  are  generally  notched  to  better  hold 
in  place. 

The  arrangement  of  the  timber  of  the  cribbing  is  as  fol- 
lows :  When,  in  the  course  of  sinking,  it  is  thought  best  to 
begin  to  crib,  the  floor  or  bottom  of  the  shaft  next  to  the 
wfiJls  is  leveled  up  and  the  timbers  are  placed  two  by  two, 
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with  the  ends  lapping.  Figure  25.  The  inside  dimensions 
are  kept  the  same,  regardless  of  the  space  left  between 
the  cribbing  and  the  rough  rock  walls  of  the  shaft.  The 
cribbing  is  kept  vertical.  The  timbers  are  notched  where 
they  overlap,  and  are  trimmed,  if  necessary,  to  conform  to 
any  projection  from  the  wall,  and  if  the  space  between  the 
walls  and  cribbing  exceeds  four  or  six  inches  it  is  usually 
filled  in  with  rock,  forming  a  pack  wall.  If  two-  or  three-inch 
timbers  are  used,  the  spaces  between  individual  timbers  will 
necessarily  be  the  size  of  the  timbers,  unless  they  are  notched 
where  they  overlap.  The  bark  is  often  relied  upon  to  keep 
the  poles  from  slipping,  as  notches  would  weaken  them  too 
much.  Quite  large  spaces  will  therefore  be  left  between  the 
timbers,  which  form  is  called  ''open  cribbing."  If  the  dirt 
is  soft  at  any  point  in  contact  with  the  cribbing,  water  work- 
ing down  from  above  will  tend  to  loosen  and  gradually  wash 
it  through  the  cribbing  into  the  shaft,  forming  a  cavity  back 
of  the  timbers.  In  the  course  of  time  a  cave-in  will  result, 
when  the  rush  of  dirt  and  rock  against  the  sides  of  the  crib- 
bing will  often  be  more  than  it  can  stand,  especially  if  it  is 
several  years  old.  Again,  the  soft  material  may  become 
quick  (saturated  with  water),  and  a  run  start,  which  would 
damage  or  wreck  the  cribbing.  The  result  in  either  case  is 
serious  damage  to  the  cribbing  and  a  partially  filled  shaft, 
both  o^  which  would  require  considerable  time  to  remedy,  to 
say  nothing  of  the  danger  to  life  attendant  upon  such  an  ac- 
cident. 

To  prevent  any  accident  in  connection  with  open  cribbing, 
it  should  be  laced,  that  is,  lined  with  boards  nailed  onto 
the  cribbing  timbers,  and  placed  vertically  in  the  shaft.  A 
shaft  when  so  laced  is,  or  may  be,  practically  impervious 
to  water,  thus  insuring  against  any  caving.  These  lacing 
boards  are,  of  course,  placed  on  the  inside  of  the  shaft  tim- 
bers. 

When  the  shaft  is  sunk  in  a  locality  where  the  ground  is 
soft  and  saturated  with  water,  the  cribbing  is  extended  to 
the  bed  rock,  where  a  water-tight  connection  is  made.  The 
timbers  in  this  case  must  be  sawed  and  notched  so  as  to  come 
together,  forming  what  is  known  as  ''closed  cribbing."    This 
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Fffc  25.  Vertical  section  throufirh  shaft,  show> 
inflT  method  of  placinx  cribbinsr  and  use  of 
spacingr  hooks  or  dogrs. 


form  leaves  no*  open  spaces,  and  is  further  rendered  im- 
pervious to  water  by  introducing  tarred  wicking  or  Canvas 
between  the  individual  timbers.  The  cribbing  is  also  pack- 
walled  with  clay,  which  method  of  procedure  is  seldom  if 
*  ever  employed. 

At  the  present  time  sawed  timbers  are  in  more  general  use, 
for  the  reason  that  they  are  much  easier  to  handle  and  form 
a  better-looking  and  more  durable  structure.  Figure  25. 
The  arrangement  of  the  crib  timbers  is  practically  the  same 
in  all  cases,  the  only  modification  being  a  different  way  of 
joining  them  and  in  lacing.     When  sawed  timbers  are  used. 
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the  larger  the  timbers,  the  deeper  the  notch.  Some  timbers 
are  notched  on  both  sides ;  others  only  on  one  side.  When 
two-by-fours  are  used  they  are  not  notched,  but  lapped,  and 
the  intervening  space  filled  in  with  shorter  pieces,  forming 
closed  cribbing. 

Cribbing  is  always  built  from  the  bottom  up,  in  sections. 
A  shaft  is  usually  sunk,  in  hard  ground,  80  or  100  feet  before 
•cribbing  is  begun,  but  if  the  ground  is  soft,  after  it  has 
reached  a  depth  of  20  or  30  feet  it  is  cribbed  up  to  the  start- 
ing point,  or  to  the  bottom  of  the  section  above,  if  other  sec- 
tions have  been  placed.  Iron  hangers  (a,  fig.  25),  or  dogs, 
are  used  to  mark  off  the  length  of  the  section  and  to  support 
the  foundation  frame  to  be  built  upon.  They  consist  of  flat 
iron  bars,  eight  or  ten  feet  long,  with  the  two  ends  turned  in 
the  same  direction,  and  at  right  angles  with  the  bar.  One 
end  is  hung  on  the  lower  end,  or  frame,  of  the  cribbing 
above.  The  cribbing  to  be  built  is  constructed  upon  a  frame 
(foundation  frame)  which  rests  upon  the  hooks  at  the  lower 
end  of  the  bars.  The  length  of  the  hangers  is  such  that  the 
timbering  or  cribbing  when  completed  fits  in  perfectly,  and 
when  fastened  to  the  cribbing  above  makes  a  permanent  con- 
tinuation of  the  same  without  any  adjustment.  The  hangers 
can  be  removed  and  the  operation  repeated  as  the  shaft  in- 
creases in  depth. 

When  a  pump  is  to  be  introduced  into  a  shaft,  the  dimen- 
sions are  generally  6x8  feet  in  the  rough  and  5x7  in  the 
clear,  finished  shaft,  making  a  4ix5-foot  hoisting  shaft  and  a 
2x5-foot  pump  compartment.  In  many  cases  the  pump  is 
placed  in  the  corner  of  a  shaft  4x5  feet  in  the  clear.  This 
crowds  the  shaft  and  necessitates  the  stopping  of  the  hoist- 
ing when  any  repairs  have  to  be  made  on  the  pump  or  col- 
umn pipes. 

Methods  of  Oriftiiigr. 

In  prospecting,  the  shafts  are  sunk  until  a  ''shine"  (an 
indication  of  ore)  is  struck  ;  then ,  if  the  indications  are  promis- 
ing enough,  a  drift  is  started;  that  is,  a  passage  is  begun 
in  the  side  of  the  shaft.  The  drift  is  generally  6x8,  8x8, 
or  8x10  feet,  suflSciently  large  for  two  men  to  work  in  side 
by  side.    A  face  of  this  size  is  carried  so  that  the  extent 
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the  ore  body  can  be  fairly  well  determined.  The  floor  is 
kept  approximately  level ;  that  is,  at  right  angles,  vertically, 
with  the  shaft.  If  the  ore  body  widens  out  and  thickens  the 
sides  of  the  drift  are  generally  diverged,  and  the  roof  ele- 
vated slightly. 

*  *  Drifting ''  is  a  term  ordinarily  applied  to  prospecting  opera- 
tions, and  is  employed  in  the  search  for  ore  deposits  and  not 
for  working  in  an  ore  body  itself,  as  a  means  of  removing 
the  ore.  It  is,  however,  applied  to  both,  and  need  not  be 
confused  if  it  is  borne  in  mind  that  in  this  connection  it 
means  driving  a  passageway,  either  to  discover  new  ore 
bodies  or  as  a  means  of  developing  those  already  known  to 
exist. 

Starting  on  a  wall  of  the  shaft,  the  rock  mass  is  removed 
in  much  the  same  way  as  a  shaft  is  sunk,  yet  in  this  case  a 
larger  surface  is  generally  exposed,  which  makes  it  easier  to 
cut  out,  gravity  also  assisting.  The  method  of  cutting  is,  in 
general,  as  follows :  Near  the  lower  limic  of  the  face  of  the 
drift,  or  the  part  marked  out  for  the  face,  several  charges  of 
powder  are  placed  as  explained  under  ' '  Shaft  Sinking. ' '  This 
produces  a  cavity  into  which  the  surrounding  material  can 
be  forced;  in  other  words,  it  *'frees"  the  remaining  rock, 
rendering  it  easy  to  blast  out.  A  few  well  directed  shots  be- 
low square  the  lower  part  of  the  drift,  leaving  the  upper  part 
free  to  be  brought  down,  which  can  readily  be  done  by  plac- 
ing two  or  three  heavy  charges  at  the  top  of  the  drift.  By 
repeating  this  the  drift  is  advanced.  If  the  ore  body  or 
shine  shifts  to  one  side,  the  direction  of  the  drift  can  be 
altered  by  simply  changing  the  direction  of  the  drill  holes 
and  by  a  judicious  arrangement  of  the  same.  The  arrange- 
ment of  the  shots  is  governed  wholly  by  the  conditions 
present,  which  are  very  variable.  When  steam  or  com- 
pressed-air drills  are  employed,  the  American  center  cut  sys- 
tem is  usually  followed.     A,  figure  16. 

Occasionally  the  method  of  procedure  is  the  reverse  of  that 
given  above ;  t.  e.,  work  is  first  begun  at  the  top  of  the  drift. 
The  reason  for  beginning  at  the  top  of  the  face  of  the  drift 
is  first  to  advance  the  roof,  so  that  it  can  be  thoroughly 
trimmed  and  made  absolutely  safe  and  sure,  in  order  that  no 
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subsequent  shock,  as  a  blast  or  fall  of  ore,  can  cause  it  to  give 
way,  but  with  the  ordinary  height  of  drift  that  is  unnecessary. 

The  roofs  are  carefully  arched  and  dressed  by  brushing, 
which  is  accomplished  by  putting  in  light  charges  in  holes 
slanting  forward.  The  roof  is  then  thoroughly  tested  by 
prod  poles  furnished  with  steel  points,  and  if  it  does  not  give 
out  the  peculiar  sharp  ring  of  solid  flint,  it  is  worked  with, 
even  to  the  putting  in  of  other  shots,  until  all  unsafe  portions 
are  removed.  From  time  to  time  this  process  is  repeated  to 
insure  perfect  safety. 

The  numerous  accidents  that  have  occurred  during  the  last 
few  years  seem  to  indicate  a  growing  carelessness  in  the 
supervision  of  mines  by  the  responsible  parties  in  charge. 

Methods  of  Stopingr* 

Drifting  is  largely  a  means  of  discovering  ore  bodies.  Sto- 
ping  is  the  operation  employed  in  working  the  ore  when  found. 
When  the  ore  lies  in  the  floor  of  the  drift,  that  is,  when  the 
drift  passes  through  the  upper  portion  of  the  ore  body,  under- 
hand stoping  may  be  employed.  The  floor  and  face  of  the 
drift  then  contain  the  material  to  be  removed,  which  can  be 
easily  won  by  the  ordinary  methods  of  breast  and  under- 
hand stoping. 

Underhand  stoping  is  really  a  process  of  lifting  or  remov- 
ing the  floor  of  the  drift  which  contains  the  ore,  figure  10, 
and  consists  in  starting  with  the  shaft  and  working  along  the 
floor  of  the  drift.  The  stopes  generally  run  from  7  to  10  and 
12  feet  in  depth.  The  shaft,  being  the  starting  point  of  the 
stoping  operation,  very  naturally  has  to  be  sunk  10  to  12  feet 
deeper,  and  a  sump  formed.  With  the  beginning  of  each 
new  stope,  the  floor  of  the  drift  is  taken  up  to  the  bottom  of 
the  shaft  or  the  top  of  the  new  sump  formed,  and  continued 
at  that  level  until  the  end  of  the  original  drift  is  reached,  or 
the  ore  body  is  passed  through  by  its  terminating  or  extend- 
ing into  the  lower  level.  If  the  ore  body  continues  to  pass 
downward,  the  floor  of  the  drift  is  restoped,  and  this  process 
is  continued  until  the  ore  body  is  exhausted. 

It  is  therefore  evident  that  the  successive  operations  of 
stoping  increase  the  height  of  the  worked-out  portions  of  the 
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gauge  track.  The  "brunoer"  keeps  the  dirt  moving  from 
the  face  of  the  drift  to  the  cockey'a  platform.  The  cockey 
loads  the  cars  and  pushes  them  to  the  foot  of  the  shaft, 
where  they  are  hoisted  to  the  top. 

When,  as  often  happens,  the  drift  passes  through  the  lower 
portioa  of  the  ore  body,  that  is,  the  lead  is  upward,  there  are 
two  methods  which  may  be  employed,  namely,  the  roof  may 
be  stoped  down,  or  a  new  drift  started  further  up  the  shaft,  at 
a  point  from  which  it  is  calculated  to  pierce  the  upper  part  of 
the  ore  body.  Plate  XLIX  illustrates  the  latter  method  of  pro- 
cedure, except  that  in  this  case  the  upper  drift  was  the  initial 
one,  aud  as  the  ore  was  not  struck  in  paying  quantities  the 
lower  drift  was  driven,  which  developed  the  fact  that  the  lead 
extended  upward,  when  work  was  resumed  in  the  former,  and 
the  sloping  operation  ultimately  connected  the  two  drifts. 


When,  however,  indications  point  to  the  more  or  less  abrupt 
termination  of  the  ore  body  above,  the  former  method  of  pro- 
cedure, as  stated  above,  would  be  the  one  followed.  The 
latter  method  is  probably  the  most  applicable  and  is  the  one 
most  generally  employed  in  this  district.  The  former  method 
can  readily  be  employed,  but  requires  scaffolding  and  is  slower 
workiog,  but  it  is  easier  to  keep  the  roof  in  good  shape  and 
thus  prevents  accidents.  The  method  of  overhand  stoping 
is  just  the  reverse  of  underhand  stoping,  and  consists  in 
starting  at  the  shaft  and  cutting  down  the  roof  back  to  the 
end  of  the  drift,  and  so  repeating  the  operation  until  the  limit 
of  the  ore  body  is  reached  above.     Figure  14. 
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Methods  of  Blasting:, 

The  placing  and  firing  of  charges  of  explosive  is  one  of  the 
most  important  operations  in  mining  proper. 

Under  ''Methods  of  Shaft  Sinking"  is  a  full  description  of 
the  methods  of  preparing  a  receptacle  or  hole  for  the  charge. 
The  placing  of  the  charge  will  now  be  considered.  Sticks  of 
powder  (dynamite)  are  either  cut  up  into  small  pieces,  or  the 
paper  covering  is  slit  from  end  to  end  on  all  four  sides.  This 
is  to  allow  the  stick  to  crush  up  and  fill  the  hole  or  recep- 
tacle. The  dynamite  is  pushed  into  the  hole  by  a  wooden 
tamping  rod,  or  by  a  spoon,  and  forced  into  the  squibbed 
cavity  at  the  end  and  tamped.  A  portion  of  the  stick,  about 
one-third  of  the  length,  is  taken  as  a  seat  for  the  cap  or 
primer,  which  is  called  a  starter  or  primer.*  In  one  end  of 
the  starter  a  cavity  or  hole  is  formed  by  a  smoothly  sharp- 
ened stick,  in  which  is  placed  a  cap  or  primer  and  fuse.  The 
primer  is  slipped  onto  the  end  of  a  piece  of  fuse,  and  is 
crimped  down  tight  upon  the  fuse  either  by  means  of  the 
teeth  or  a  pair  of  pincers,  made  especially  for  that  purpose. 
This  is  to  prevent  any  moisture  from  entering  the  cap.  The 
end  of  the  fuse  bearing  the  primer  is  then  introduced  into  the 
cavity  made  in  the  end  of  the  starter.  The  paper  which 
forms  the  covering  for  the  dynamite  is  then  gathered  about 
the  fuse  above  the  cap  or  primer,  and  is  tied  with  a  strong 
cord.  Under  ordinary  conditions  this  treatment  protects  the 
cap  from  moisture,  but  when  considerable  water  is  present 
greater  precaution  is  necessary.  A  piece  of  fuse  is  ignited 
and  the  tar  with  which  the  fuse  is  covered,  being  heated 
up  by  the  burning,  is  rubbed  over  the  junction  of  the  cap 
and  fuse,  thus  healing  up  any  little  openings  which  might 
still  remain.  Grease  or  miners'  soap  (soft  soap)  is  also  often 
rubbed  over  that  portion  of  the  starter  which  is  tied  to  the 
fuse.  The  starter  is  then  pushed  into  the  hole  until  it  rests 
upon  the  untamped  charge  below.  Dirt  is  then  thrown  into 
the  hole  and  tamped  around  and  over  the  starter  and  charge. 
To  prevent  the  charge  from  partially  exhausting  itself  by 

*Th«re  is  aome  confuflion  in  the  tue  of  the  terms  starter  and  primer.  Primer  refers  to  the 
metal  cap  placed  on  the  end  of  the  fxise  and  not  to  the  stick  of  dynamite.  Starter  would  be 
more  appr(v>riately  used  in  connection  with  the  stick  of  dsmamite  in  which  the  primer  is  placed. 
PrinMra  may  also  be  fired  by  electricity. 

— VUl 
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Methods  of  Timberiugr* 

Very  few  mining  operations  are  possible  or  practicable 
without  more  or  less  timbering.  The  quantity  and  quality 
of  timber  used  varies  considerably,  however,  with  the  charac- 
ter and  value  of  the  mineral  mined. 

The  primary  object  of  timbering  is  to  furnish  temporary 
support  for  the  roof  and  walls,  the  timbers  being  so  arranged 
that  they  provide  protection  for  the  miner  while  he  carries 
on  the  work  of  prospecting,  exploring  and  removing  the  ore. 
In  soft  ground  a  drift  can  be  advanced  by  means  of  support- 
ing and  protecting  timbers,  the  miner  simply  removing  the 
material  enclosed  within  the  supports,  which  are  advanced 
from  time  to  time.  When  in  soft  ground  an  ore  body  is 
reached  by  such  a  timbered  passage  or  drift,  its  size  may  be 
enlarged  by  diverging  the  advancing  timbers.  The  size  of  a 
drift  is,  however,  limited,  and  ranges  from  sixteen  to  eighteen 
feet  in  width  to  20  and  30  feet  in  height.  As  long  timbers  strong 
enough  to  withstand  the  burden  of  the  superincumbent  rock 
mass  must  of  necessity  be  large  and  unwieldy  to  handle,  they 
are  seldom  used.  The  principal  objection,  however,  is  the 
difficulty  experienced  in  introducing  the  timbers  into  the 
mine,  owing  to  the  drifts  being  too  narrow,  and  the  corners 
and  curves  too  abrupt.  However,  by  economizing  in  tim- 
bers, the  difficulty  is  partially  overcome,  which  is  accom- 
plished by  using  the  posts  of  the  original  drift  timbers  as  one 
of  a  set  of  posts  for  side  drifts.  This  method  is  employed 
when  it  is  desired  to  broaden  the  workings,  as  in  the  case  of 
removing  a  slice  in  soft  ground.  If  ore  is  found  in  paying 
quantities  on  one  or  both  sides  of  a  drift,  side  drifts  may  be 
run  on  either  or  both  sides  of  the  original  drift.  This  opera- 
tion can  be  repeated  as  often  as  desired  by  simply  adding 
the  capping  timbers,  or  caps,  and  one  row  of  posts  to  the  sets 
already  in  position.  It  is  evident  that  for  one  drift  one  cap, 
two  posts  and  a  sill  are  required  for  a  set ;  for  three  drifts, 
three  caps,  four  posts,  and  three  sills,  etc. 

The  height  of  a  drift  can  be  increased  by  elevating  the  ad- 
vancing timbers,  i.  e.,  by  lengthening  the  posts  until  the  limit 
in  height  of  timbering  is  reached,  after  which  side  drifts  are 
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Fig:-  1*'    Method  of  removing  bottom  at  di 


employed,  or  aide  drifts  employed  without  .elevating  the  seta. 
This  method  is  seldom  employed  except  in  very  soft,  wet 
ground,  and  iu  relatively  small  depoaita.  The  stopiag  up  of 
the  floor  of  a  drift  in  soft  ground  is  accomplished  by  ruaning 
a  second  drift  directly  under  the  first.  Figure  19.  If  the  set 
of  timbers  in  the  first  drift  are  furnished  with  mud  sills  these 
sills  can  be  used  as  caps  to  the  second  set  of  timbers  below  ; 
if  the  posts  in  the  original  drift  are  simply  set  in  hollows  in 
the  floor,  the  whole  space  of  the  first  drift  must  be  cribbed  or 
cogged  up.  To  do  this,  rough  timber,  generally  poles,  rang- 
ing from  four  to  six  inches  in  diameter,  are  built  up  in  the 
form  of  a  crib  or  pen,  similar  to  the  arrangement  of  the  crib- 
bing in  the  shaft.  Figure  19.  When  the  cribbing  reaches 
the  roof  it  is  made  perfectly  firm  by  wedging  down  from  above. 
The  wedgea  are  long  enough  to  allow  for  tightening  at  inter- 
vale if  necessary.  The  capping  timbers  of  the  seta  in  the 
drifts  below  are  then  placed  under  the  bottom  timbers  of  the 
cribbing,  posts  are  put  in  place,  and  a  new  drift  is  formed, 
which  can  be  advanced  along  the  course  of  the  former  or  pro- 
ceed  in  any  direction  desired. 

.  If  stoping  drifts  run  under  other  drifts,  the  timbers  of  which 
have  no  mud  sills,  the  posts  of  the  upper  drifts  are  liable  to 
break  through  the  roof  of  the  stope  drift,  thus  causing  a 
cave-in,  which  is  liable  to  crush  the  timbers  below.     Crib- 
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bing  or  cogging  up  of  the  upper  drift  is  the  best  method,  and 
is  the  one  usually  employed  by  the  best  miners. 

The  method  of  advancing  a  drift  in  soft  ground  by  means 
of  timbers  is  as  follows :    A  drift  is  started  in  the  face  for 
several  yards  ;  then  two  or  three  sets  of  timbers  consisting  of 
two  posts,  a  cap  and  a  mud  sill  are  put  in  position  facing  the 
direction  in  which  the  shaft  is  run.     Over  the  cap  of  the  set, 
farthest  in  advance  and  on  the  outside  of  the  post,  stakes  or 
poling  boards  are  driven.     The  poling  boards  are  generally 
split  poles  made  from  four-  or  five-inch  green  poles  and  are 
sharpened  chisel-shape  at  one  end.     These  stakes  are  often 
called  '^ spiles,"  and  are  driven  with  the  bevel  downward. 
After  driving   the  spiles  three  or  four  feet  in  advance  of 
the  set,  the  enclosed  dirt,  if  soft  enough,  is  shoveled  out. 
This  is  continued  until  the  advance  has  been  sufficiently 
great  to  permit  placing  another  set  of  timbers,  the  spiles 
gradually  settling  until  they  rest  upon  the  cap  of  the  new  set 
placed  in  advance.     The  weight  of  the  superincumbent  mass 
will  of  necessity  press  down  the  ends  of  the  advanced  spiles, 
so  that,  if  driven  horizontally,  the  pressure  from  above  would 
push  them  down  several  inches  before  a  new  set  could  be 
placed,  thus  making  the  space  too  narrow  for  a  normal  or 
standard  set  to   be  introduced.     To  obviate  this  the  spile 
is  driven  forward  and  upward  at  an  angle  of  from   five  to 
six  degrees  with  the  direction  of  the  advance.     The  angle 
depends  largely,  however,  upon  the  formation  worked.     This 
elevation  of  the  spile  is  intended  to  make  up  for  the  de- 
pression caused  by  the  weight  upon  it  from  above  and  on 
the  sides,  and  is  sufficient  to  maintain  the  height  and  breadth 
of  the  drift  until  it  has  been  advanced  far  enough  to  in- 
troduce a  new  set.     From  the  above,  it  is  evident  that  each 
spile  rests  upon  two  caps,  at  least,  and  occasionally  upon 
three,  depending,  however,  upon  the  closeness  of  the  sets. 
A  new  set  of  spiles  is  driven  with  each  set,  so  maintaining 
the  original  size  of  the  drift  and  the  advance.     An  eleva- 
tion of  the  spiles  a  few  more  inches  to  the  foot  will  allow  a 
set  of  longer  posts «  caps  and  sills  to  be  placed  and  the  spiles 
driven  as  before,  thus  increasing  the  cross- sectional  area  of 
the  drift,  as  mentioned  above. 
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Wheo  firmer  grouod  or  soft  ground  with  little  water  is 
worked,  the  spiles  ma;  be  driven  in  the  same  manner  as 
in  less  firm  ground,  but,  ae  the  material  is  more  difficult  to 
remove,  a  slightly  different  method  is  employed,  namely : 
The  spiles  are  driven  as  already  explained ;  then  next  to 
them,  in  the  roof,  dirt  is  removed,  with  pick  and  shovel, 
the  whole  width  of  the  drift,  and  a  cap  is  placed  under  them 
and  held  in  place  by  props  and  braces.  Figure  IS.  If  the 
ground  proves  too  soft  for  this  method  of  procedure,  addi- 
tional spiles  are  driven  above  the  last  placed  cap  which  tend 
to  relieve  the  pressure  upon  those  above.  When  the  roof 
is  thus  secured,  for  five  or  six  feet  in  advance  of  the  face  of 
the  drift,  a  cutting  is  made  on  either  side  of  the  drift.  This 
cutting  extends  up  to  the  last  placed  cap  and  furnishes  room 
for  temporary  posts  to  be  set.  All  that  now  remains  is  to 
remove  the  uaworked  center  of  the  drift,  and  when  this  is 
done  the  drift  is  trimmed  to  the  proper  size  and  the  mud 
sill  placed,  or  if  no  mud  sill  is  used  the  posts  are  set  and 
the  props  and  braces  removed,  allowing  the  spiles  to  settle 
on  the  new  set.  By  repeating  this  operation,  the  drift  is 
advanced.     Figure  17. 

The  roof  may  be  firm  enough  to  hold  while  the  advanced 
cutting  is  being  made,  yet  not  strong  enough  to  hold  up  with- 
out timbering  for  a  permanent  driveway,  or  the  walls  of  the 
drift,  in  fairlyhard  ground,  may  become  weakened  by  percolat- 
ing waters,  or  shots  fired  in  adjacent  ground.  In  such  cases, 
sets  are  placed  and  held  in  position  by  poles  which  act  as 
"studdles,"  or  spacing  timbers  being  placed  every  few  inches 
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apart  on  the  caps  and  also  nailed  on  the  outside  or  inside  of 
the  poats.  Sticks  of  wood  in  three  or  four  foot  lengths  are 
placed  crosswise  on  these  and  bo  on,  forming  a  sort  of  cribbing 
until  the  space  above  the  cap  and  the  roof  is  filled.  This  ar- 
rangement of  timbers  is  called  "lagging"  or  "filling,"  aad 
is  commonly  employed  where  cavities  or  spaces  occur  between 
the  walls  and  timbering.  Finally  wedges  are  placed  between 
the  lagging  and  the  caps,  and  the  former  is  forced  up  against 
the  roof,  thus  holding  the  whole  construction  firm  and  secure. 
Wood  of  stove  lengths  is  also  thrown  in  back  of  the  poles 
nailed  to  the  posts,  which  prevents  the  loose  dirt  or  boulders 
from  falling  into  the  drift.     Figure  20. 

A  local  weakening  in  the  roof  of  an  untimbered  drift,  due 
to  a  sand  or  clay  pocket,  may  be  remedied  if  the  drift  is  used 
as  a  passageway  by  putting  two  sets,  one  on  either  side  of 
the  weak  spot,  and  lagging  as  before  described ;  but  if  the 
drift  is  not  used  as  a  passageway ,  it  may  be  cogged  or  cribbed 
up,  which  would  easily  secure  the  roof,  and  yet  not  wholly 
impair  the  use  of  the  drift  as  an  air  passage. 

Caps,  posts  and  mud  sills  are  usually  made  of  round  tim- 
bers, in  the  rough,  with  one  side  flattened  and  furnished  with 
a  shoulder  or  seat — the  flat  part  of  the  cap  facing  downward, 
while  that  of  the  sill  is  placed  upward.  The  posts  have  their 
ends  squared  and  cut  at  an  angle  to  fit  the  flattened  portions 
of  the  sill  and  cap  when  standing  in  the  proper  position.  The 
four  pieces,  when  fitted  together,  form  a  very  strong  frame 
or  set.  Figures  20  and  21.  Square  timbers  are  sometimes 
used,  but  are  generally  more  expensive,  yet  easier  to  handle. 
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Occasionally  a  very  soft  body  of  earth  is  met  at  the  end  of 
a  drift  or  slope,  as  seen  in  figure  22.  In  this  particular  case 
the  ground  was  very  rich,  and  for  that  reason  not  enough  care 
was  taken  in  removing  the  ore,  both  in  quantity  removed  and 
in  method  of  procedure.  The  result  was  that  the  whole  face 
began  to  give  way,  thus  threatening  a  landslide.  To  hold 
this  in  place  and  to  prevent  a  general  collapse,  it  was  tim- 
bered as  seen  in  the  above  figure. 

METHODS  OF  HANDLING  AND  HAUUNO  ORE. 
Methods  of  Handlings  Ore  Undersrround. 

The  usual  method  of  transferring  the  mine-run  dirt  from 
the  face  of  the  mine  to  the  foot  of  the  shaft  is  by  tubs  or 
buckets  on  small  trucks  or  tub  cars,  which  are  just  large 
enough  to  set  a  bucket  upon.  Some  of  these  cars  are  made 
with  round  tops,  and  of  such  a  size  as  to  fit  within  the  flange 
of  the  bottom  of  the  tub  or  bucket,  thus  guarding  against  it 
slipping  off.  This  arrangement  brings  the  wheels  so  close 
together  that  there  is  danger  of  tipping  over,  t.  e.^  renders 
the  loaded  car  unstable,  which  is  the  usual  result  of  reducing 
the  wheel  base. 

Oars  are  often  employed  and  are  to  be  preferred,  as  they 
are  fully  as  easy  to  handle  as  the  buckets,  besides  requiring 
less  handling  of  ore.  Oars  are,  however,  at  present,  mainly 
used  in  tramming  the  ore  from  the  shafts  to  the  mills,  being 
filled  at  the  former  place  by  buckets.  They  are  also  used  in 
a  few  of  the  deeper  mines  where  cages  have  been  installed. 

Tramming  is  done  almost  altogether  by  hand,  the  ore  being 
trammed  from  the  face  of  the  mine  to  the  shaft  bottom,  then 
hoisted  to  the  top,  and  thence  trammed  to  the  mill. 

Surface  Appliances  for  Handlingr  Ore. 

Ore  is  transferred  from  mine  to  mill  in  a  number  of  ways, 
namely,  by  bucket,  cars,  and  wagons.  Wagons  are  employed 
only  when  the  distance  between  the  points  of  intake  and  dis- 
charge is  considerable,  and  are  common  means  of  handling 
ore  for  custom  mills. 

Buckets  and  cars  are  almost  universally  employed  as  carry- 
ing receptacles  for  ore,  especially  between  mine  and  mill. 
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Buckets  are  placed  upoa  low  trucks,  which  are  then  trauB- 
ferred  from  mine  to  mill  on  elevated  tramways  and  handled 
as  are  cars  proper. 


There  are  three  general  sjstems  of  handling  ore  in  buckets 
and  cars,  which  are  as  follows  :  Hand  trammiag,  slope  or  iu- 
ctined  and  engine  plane  haulage,  and  aerial  rope  and  rail 
methods. 

Hand  tramming  is  b;  far  the  most  common  and  is  a  very 
simple  method  of  procedure,  requiring  as  it  does  only  an 
elevated  roadway  for  the  cars  or  bucket  trucks  to  operate 
upon  and  a  man  to  push  them.  The  tramway  tracks  should 
be  given  a  grade  of  at  least  one>half  of  one  per  cent,  in  favor 
of  the  loaded  cars. 

Occasionally  self-acting  or  gravity  and  engine  planes  are 
operated  on  the  tramways,  which,  however,  necessitates 
double  tracks.  Iq  the  former  case  two  cars,  one  to  each 
track,  are  connected  with  a  wire  rope  or  cable,  which  is 
sufficiently  long  to  allow  the  cars  to  be  at  the  shaft  and  mill 
ends  of  the  system  at  one  and  the  same  time  ;  i.  e.,  one  is  re- 
ceiving while  the  other  is  discharging  its  load.  The  grade 
is  such  that  the  loaded  car  runs  freely  from  the  shaft  to  the 
mill,  and  at  the  same  time,  acting  through  the  cable,  which 
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passes  around  a  sheave  at  the  shaft  end  of  the  tramway, 
draws  the  empty  car  from  the  mill  back  to  the  shaft ;  or 
transference  may  be  accomplished  by  means  of  a  properly 
inclined  track  and  an  endless  cable  to  which  the  two  cars  are 
attached.  Sheaves  are  placed  at  either  end  of  the  tramway 
and  so'facilitate  the  passage  of  the  rope  back  and  forth.  A 
steeper  pitch  is  usually  given  to  the  first  part  of  the  track  over 
which  the  loaded  car  passes,  which  is  to  give  sufficient  mo- 
mentum to  carry  both  cars  to  their  destination. 

Engine  planes  differ  from  gravity  planes  in  that  the  mo- 
tive power  is  furnished  by  an  engine,  and  further,  that  the 
grade  is  reversed ;  i.  e,,  the  mill  end  is  higher  than  the  shaft 
end,  the  loaded  car  being  hauled  up  the  slope  or  incline. 
Engine  planes  are  often  employed  in  hauling  and  elevating 
ore  from  open  cuts  or  stock  piles  to  the  crusher  room  floors 
of  the  mills.  Cable  transfer  or  aerial  rope  haulage  is  em- 
ployed, and  a  system  of  aerial  rail  haulage  is  now  in  quite 
common  use. 

Only  one  instance  was  noted  where  a  cable  and  bucket 
were  employed  as  conveyers.  Plate  XXIX.  A  system  of  wire 
rope  hauling  was  installed  at  the  plant  of  the  Ozark  Mining 
Company  on  the  Gracie  Clark  property.  Here  an  inch  steel 
wire  cable  is  stretched  from  the  shaft  to  the  mill  and  firmly 
anchored  by  ''dead  men"  at  either  end.  Upon  this  cable  a 
carrier  or  bucket  holder,  A ,  is  placed.    Figure  26.    The  holder 
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consists  of  a  U-shaped  piece  of  iron,  two  and  one-half  feet  in 
length,  holding  an  eight-inch  grooved  pulley  or  sheave,  B,  at 
the  top,  which  rolls  or  travels  upon  the  track  cable,  C,  and 
bears  the  weight  of  the  bucket,  the  load,  etc.  Two  small  four- 
inch  sheaves,  D,  are  placed  about  a  foot  below  the  top  sheave, 
and  just  far  enough  apart  to'allow  the  half-inch  traction  cable, 
E,  to  work  between  them  with  ease.  Six  inches  from  the 
lower  end  two  flat  pieces  of  iron,  F,  enclose  the  holder,  i4, 
and  are  keyed  to  the  same  with  a  key,  0.  Both  ends  of  the 
enclosing  pieces  are  also  enclosed  in  clevises,  H,  to  which 
the  loose  ends  of  the  traction  cable,  E,  are  fastened.  In  the 
bend  of  the  holder  a  hook,  /,  is  fastened.  This  hook  has  a 
large  head,  /,  which  bears  the  load  of  the  bucket,  and,  being 
rounded  (a  swivel) ,  allows  the  hook  to  turn  in  any  direction, 
and  entirely  around,  if  necessary. 

The  cable,  E,  passes  over  a  sheave  at  both  the  shaft  and  the 
mill  ends.  The  driving  sheave,  iiT,  is  placed  at  the  shaft  end 
of  the  track  cable  and  is  shown  in  figure  27.  On  the  shaft 
bearing  the  driving  sheave  is  placed  a  pulley,  £,  which  in 
turn  is  driven  by  the  pulleys  M  and  N.  On  the  same  shafts 
as  M  and  N  are  two  friction  wheels,  driven  by  the  large  fric- 
tion wheel,  0,  which  is  fastened  to  the  same  shaft  as  the  pul- 
ley P.  The  pulley  P  is  driven  directly  from  the  hoisting 
engine,  Q.  The  lever,  S,  is  operated  by  the  push  rod,  iJ, 
which,  when  pushed  forward,  forces  the  friction  wheel,  0, 
against  the  driving  wheel  on  the  shaft  with  pulley  M,  and 
when  pulled  back  brings  0  in  contact  with  the  wheel  on  the 
shaft  with  pulley  N,  The  belt  connecting  the  pulley  M  with 
the  wheel  L  is  straight,  giving  the  same  direction  of  rotation 
to  the  sheave,  K,  as  has  the  driving  pulley,  M.  The  belt  con- 
necting the  pulley  iV^  with  L  is  crossed,  so  that  the  direction 
of  rotation  of  N  and  L  are  reversed.  This  arrangement  is 
made  so  that  a  rotation  in  one  direction  of  the  driving  gear 
may  be  changed  into  either  the  direct  or  reverse  rotation 
necessary  to  operate  the  traction  cable,  E. 

The  method  of  hoisting  and  transferring  a  bucket  of  ore 
from  mine  to  mill  is  as  follows :  A  bucket  is  raised  by  the 
hoisting  drum,  V^  unhooked  from  the  hook,  X,  and  attached 
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to  the  bucket  carrier,  /  (figure  26).  The  rod,  R,  is  then 
pulled  to  the  right  and  causes  the  friction  wheel,  0,  to  strike 
the  drive  wheel  on  the  shaft  with  the  pulley  iV,  which  sets  K 
in  motion,  thus  carrying  the  load  on  the  carrier  or  truck  to 
the  mill.  When  the  bucket  is  empty  the  rod,  R,  is  pushed 
back,  forcing  the  wheel,  0,  against  the  friction  wheel,  which 
drives  the  pulley  Jlf,  reversing  the  direction  of  the  rotation 
of  Ky  and  thus  returning  the  buckets  to  the  shaft. 

In  this  particular  case  the  track  cable  is  somewhat  over 
three  hundred  feet  long,  and  is  about  50  feet  above  the  ground 
at  the  highest  point. 

It  is  an  easily  applied  and  an  economic  method  for  the 
transference  of  ore,  especially  when  the  ground  intervening 
between  the  shaft  and  the  mill  is  rough.  It  is,  at  any  rate, 
much  more  rapid  than  the  more  common  method  of  handling 
cars  on  a  tramway,  but  has,  however,  been  used  but  little  in 
the  district. 

Aerial  rail  haulage  consists  of  a  wooden  rail  track,  sup- 
ported by  bents,  which  extends  from  the  crusher  room  to  the 
mouth  of  the  shaft,  giving  an  inclination  of  eight  or  ten  de- 
grees. When  the  distance  to  the  shaft  is  not  great,  to  pre- 
vent a  too  steep  inclination  of  the  track,  the  vertical  distance 
above  the  mouth  of  the  shaft  is  increased,  thus  maintaining 
the  proper  slope. 

Upon  the  rail  which  forms  the  track,  which  is  supported 
by  a  second  rail  or  beam  placed  directly  above  it,  operates  a 
truck.  This  truck  supports  the  receptacle  in  which  the  ore  is 
placed.  In  the  mine  in  question  (the  Murphy  mine)  the 
car  which  is  run  into  the  mine  is  the  conveying  receptacle. 
It  is  run  to  the  foot  of  the  shaft  and  attached  to  a  hook, 
which  in  turn  is  connected  with  a  pulley.  The  pulley  is 
supported  by  a  traction  rope,  which  is  run  out  by  the  weight 
of  the  car,  being  tripped  by  a  lever,  when  the  truck  comes  to 
rest  at  a  point  directly  above  the  shaft.  When  a  loaded  car 
has  been  attached  to  the  pulley  the  hoisting  signal  is  given 
and  the  engineer  at  the  mill  end  of  the  system  starts  the 
winding  engine,  thus  raising  the  car,  which,  when  it  reaches 
the  top,  is  connected  automatically  with  the  truck,  and  con- 
tinued winding  draws  the  truck  with  its  load  of  car  and  ore 
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to  the  cruBber  room  at  the  other  end  of  the  track,  where  the 
car  is  automatically  dumped.  Gravity  theo  returns  it  to  the 
shaft,  where,  being  freed  from  tbe  truck  by  the  trip,  it  ia  low- 
ered to  the  foot  of  the  shaft.  The  whole  operation  is  automatic, 
with  the  exception  of  the  winding,  and  the  work  ia  very 
amooth. 

This  aystem  is,  aa  is  evident,  a  simple  engine  place. 

Occasionally  a  bucket  is  substituted  for  the  car,  which  is 
especially  necessary  in  small  shafts. 
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Motive  Power. 

The  transference  of  all  products  of  the  mine  is  in  most  cases 
done  by  hand — that  is,  in  hand  cars.  No  motive  power  other 
than  man  power  is  employed,  except  as  stated  above,  namely, 
in  hauling  from  the  dump  piles  to  the  mill,  in  which  case 
both  mule  and  steam  power  are  employed,  and  the  cable 
system  referred  to  above.  The  relatively  short  distances 
from  the  face  of  the  mine  to  the  foot  of  the  shaft  and  from 
the  shaft  to  the  mill  preclude  the  application  of  other  forms 
of  power  to  hauling.  The  short  distances  above  mentioned 
are  due  to  the  method  of  mining  employed,  which  in  turn  is 
due  to  the  occurrence  of  ore  bodies,  necessitating  vertical 
rather  than  horizontal  mining. 

PB08PE0TINO,  MINING  AND  MILLING  MAOHINEBT. 

The  mine  operators  in  the  Kansas  lead  and  zinc  district, 
during  the  past  history  of  the  operations  there,  have  been 
rather  slow  in  taking  up  the  latest  improvements  in  milling 
appliances  placed  upon  the  market.  The  tendency  has  been 
to  hold  to  methods  already  in  use,  although  known  to  be  un- 
economical and  inefficient,  rather  than  to  employ  others,  new, 
yet  thoroughly  tried  and  approved  ;  but  with  more  recent  and 
extensive  development  has  come  a  demand  for  more  efficient 
and  economical  methods  and  machinery. 

One  of  the  finest  problems  in  machine  construction  and 
arrangement  consists  in  determining  what  to  improve  upon 
and  what  not  to  improve  upon,  and  how  to  improve  that 
which  is  known  to  be  a  proper  subject  for  improvement.  On 
the  whole,  machinery  becomes  more  serviceable  in  proportion 
to  its  simplicity  of  construction  and  operation,  and  this,  in  a 
way,  seems  to  be  the  end  sought  after  by  the  operators  of  the 
mills  in  this  district.  The  advancement  made  during  the 
past  few  years  promises  well  for  the  future  of  the  mining  in- 
dustry thfere. 

Machinery  for  all  mining  work  may  be  classed  as  prospect- 
ing, mining  (or  ground)  and  mill  concentrating  machinery. 
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Prospectinir  Drill  Machinery. 

Owing  to  the  fact  that  the  ore  bodies  lie  quite  close  to  the 
surface,  in  this  district,  the  work  of  prospect  drilling  is  ren- 
dered comparatively  easy.  As  the  holes  rarely  exceed  300 
feet  in  depth,  much  of  the  difficult  work  usually  attendant 
upon  drilling  to  considerable  depths  is  not  experienced,  al- 
though the  extreme  hardness  of  the  flint  formation,  together 
with  its  highly  fissured  condition,  requires  considerable  skill 
on  the  part  of  the  operators.  Many  prospecting  drill  outfits 
brought  into  the  district  from  the  coal  and  oil  fields  to  the 
north  and  west,  where  they  have  been  operating  in  the  soft 
shales  and  sandstones,  have  proven  to  be  decided  failures 
when  operated  in  the  exceedingly  hard  and  highly  fissured 
flint  formations  of  this  district. 


Fig.  28.    Actuatingr  device  for  a  self-contained  prospect  drilling  outfit. 


.J 
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A  form  of  drilling  outfit,  known  as  the  carpenter's  rig,  which 
is,  in  fact,  a  typical  oil  well  drill,  is  occasionally  employed 
and  does  excellent  work. 

There  are  three  general  types  of  drilling  machines  operat- 
ing in  the  district,  all  of  which  are  self-contained,  and  diff'er 
mainly  in  method  of  giving  motion  to  the  line  of  tools. 

Following  is  a  brief  description  of  the  actuating  devices 


Obanb.]       Prospecting^  Mining  and  Milling  Machinery.       221 


of  the  three  general  forms  of  drills  :  The  first  type  is  shown 
in  figure  28,  and  represents  the  movement  which  is  found  on 
several  makes  of  rigs.  The  rope  is  wound  on  a  drum,  C, 
which  is  provided  with  a  friction  brake,  B.  It  passes  from 
the  drum  through  the  pulleys  on  the  oscillating  beam.  A,  to 
the  drill.  When  the  drive  wheel  turns,  the  outer  end  of  the 
beam  moves  up  and  down,  thus  raising  and  lowering  the 
tool.  The  stroke  of  the  drill  is  regulated  by  increasing  or 
decreasing  the  radius  of  the  crank.  The  tool  is  lowered  by 
loosening  the  brake  and  running  ofif  sufficient  rope  from  the 
drum,  C,  then  tightening  or  resetting  the  brake,  when  work 
may  be  resumed. 


i 
0 


Fig:.  29.    A  form  of  actuatinfl:  mechanism  for  a  self-contained  drillinsr  outfit. 

The  second  form  is  shown  in  figure  29.  It  represents  a 
common  movement.  A  chain  sixteen  or  eighteen  feet  long  is 
partially  wound  on  a  drum,  Jlf,  provided  with  a  ratchet.  Th« 
chain  passes  through  a  pulley  on  the  beam,  iV,  and  the  end 
is  attached  to  a  clamp  which  is  fastened  to  the  drill  rope. 
As  the  drive  wheel  revolves,  the  crank,  0,  which  has  two 
rollers  near  the  end,  strikes  the  end  of  the  beam,  N,  and 
forces  it  down,  thus  raising  the  tool. 
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When  the  beam  has  been  pushed  down  as  far  as  the  crank 
can  move  it,  the  rollers  slip  off  the  end  and  the  tool  falls 
freely,  at  the  same  time  pulling  the  beam  back  into  place. 
A  heavy  crosspiece,  P,  acts  as  a  stop  to  allow  the  elasticity 
of  the  rope  to  act,  and  also  to  regulate  the  length  of  the 
stroke.  The  tool  is  fed  by  lengthening  the  chain  by  means 
of  the  ratchet  on  the  drum,  ilf,  upon  .which  the  chain  is 
wound. 

The  third  form,  shown  in  figure  30,  represents  a  motion 
rarely  used  in  the  district,  and  when  operated  with  connec- 
tions, as  shown  in  broken  lines,  is  employed  principally  in 
starting  holes  or  '* spudding,"  and  is  used  more  often  in 
loosening  tools  and  in  casing  than  in  drilling  proper ;  but 
when  connected,  as  shown  in  solid  lines,  it  is  the  motion 
employed  with  the  carpenter's  rig  in  regular  drilling  opera- 
tions. In  spudding,  the  drill  rope  is  wound  on  the  drum,  £, 
and  passes  directly  to  the  sheave  at  the  top  of  the  derrick, 
thence  to  the  tool.  A  loop  of  rope,  H^  encloses  the  main 
rope,  four  or  five  feet  above  the  drum.  This  rope  is  at- 
tached to  the  crank  pin  of  the  drive  wheel  and  is  of  such  a 
length  that,  when  the  crank  is  closest  to  the  drill,  the  main 
rope  forms  nearly  a  straight  line  between  the  upper  sheave 
and  the  drum  on  which  it  is  wound.  As  the  crank  revolves 
the  tool  is  raised  and  lowered,  and  is  fed  downward  by  turn- 
ing the  drum,  L,  thus  lengthening  the  drill  rope.  After  the 
hole  is  well  started  and  drilling  proper  begins,  the  beam,  K^ 
is  connected  with  the  crank,  F,  and  motion  is  given  by  means 
of  the  beam  instead  of  the  crank.  In  all  these  forms  the 
tool  is,  while  at  rest,  several  inches  from  the  bottom  of  the 
hole ;  the  elasticity  of  the  rope  is  depended  upon  to  start  it 
back  with  a  jerk,  after  which  it  is  raised  by  the  beam ;  it  is 
then  steadied  and  again  dropped,  etc. 

The  second  actuating  mechanism  above  described  is,  in  re- 
ality, a  free-falling  device,  which  is,  however,  attached  to  the 
machine  end  instead  of  the  tool  end  of  the  rope,  as  is  often  the 
case  in  deep-drilling  outfits.  As  formerly  stated,  jars  may 
be  employed  in  loosening  and  starting  the  tool  in  its  upward 
movement.     A  full  explanation  of   the   use  of  the  special 
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parts  and  appliances  of  a  drill  would  be  too  lengthy  for  the 
intended  scope  of  this  work,  so  will  be  omitted. 

The  temper  for  the  tools  is  set  in  the  copper  color  for  very 
hard  flint  and  is  drawn  out  more  (made  softer)  as  the  hard- 
ness of  the  rock  decreases. 


Ftf:.  80.    Actuatinfir  device  employed  in  the  American  rope  system  of  borincr  holes. 

Mine  Machinery. 

No  machines  other  than  hand  or  power  drills  can  success- 
fully cope  with  the  conditions  met  with  in  the  lead  and  zinc 
districts  of  Missouri  and  Kansas.  The  exceedingly  irregular 
occurrence  of  the  ore  bodies  allows  a  wide  range  of  move- 
ment in  the  mining  operations,  which  would  be  disadvan- 
tageous to  the  handling  of  heavy  mining  machinery.  It  is 
comparatively  easy  to  operate  machines,  even  of  considerable 
weight,  on  a  level  surface,  but  when  they  have  to  be  elevated 
100  feet  or  more,  and  that,  too,  over  rough  and  often  loose 
ground,  machines  other  than  tripod  and  column  drills  are 
rendered  practically  useless. 

Power  Drills  and  Drillingr. 

Compressed-air  drills  of  the  Rand  and  Ingersoll  makes  are 
beginning  to  take  the  place  of  hand  drilling,  which  has  been 
the  practice  in  the  district  for  years.     These  drills  are  prob- 
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ably  more  often  operated  by  steam  than  with  air,  although 
admittedly  poor  practice. 

The  drills  are  mounted  in  one  of  two  ways,  namely,  on 
tripods  and  columns.  The  column  can  be  placed  either  ver- 
tically, horizontally,  or  at  an  angle  with  the  vertical  or  hori- 
zontal. When  used  horizonally,  it  is  in  the  position  in  which 
it  is  used  in  shaft  sinking,  and  has  received  the  name  of 
** shaft  bar"  from  that  work.  The  range  of  application  of  a 
drill,  either  on  a  tripod  or  column,  is  considerable,  both  hori- 
zontally and  vertically,  while  the  frequency  of  the  stroke 
permits  rapid  work  with  comparatively  little  wear  and  strain 
on  the  cutting  tool  or  bit. 

The  drill  consists  of  a  reciprocating  iron  plunger  or  piston 
from  two  to  four  inches  in  diameter,  which  is  driven  back 
and  forth  in  a  cylinder  by  means  of  compressed  air  or  steam. 
The  fore  end  of  the  cylinder  is  formed  into  a  long  bearing 
through  which  the  plunger,  bearing  the  drill  or  bit,  recipro- 
cates. The  outer  end  of  the  plunger  rod  bears  a  chuck  into 
which  is  fastened  the  bit.  The  cylinder,  with  its  valves  and 
various  other  attachments,  is  mounted  upon  an  adjustable 
base,  provided  with  a  feed  screw  for  the  purpose  of  advancing 
the  cylinder  to  the  surface  to  be  drilled,  and  thus  feeding  the 
drill  forward.     Plate  XXV. 

The  entire  machine  is  mounted  upon  a  shaft  bar,  a  tri- 
pod, or  a  vertically  placed  column.  The  air  or  steam  is  ad- 
mitted to  the  cylinder  by  a  valve  at  the  top  and  is  fed  to 
the  drill  through  a  hose,  which  is  protected  with  wire.  The 
drill  makes  from  400  to  600  strokes  per  minute,  and  is  pro- 
vided with  a  ratchet,  so  that  a  rotary  motion  is  given  to  the 
bit,  the  rotation  taking  place  on  the  return  stroke. 

The  bit  is  turned  generally  about  one-eighth  of  a  revolution 
per  stroke,  The  stroke  of  the  plunger,  and,  therefore,  the 
bit,  is  from  three  to  four  and  one-half  inches.  The  rate  of 
cutting  in  very  hard  rock  (flint)  is  about  one-half  to  one  inch 
per  minute,  or  from  eight  to  sixteen  feet  per  shift  of  eight 
hours — that  is,  with  a  one  and  one-half  or  two  inch  bit.  The 
entire  feed  is  about  two  feet,  and  is  intended  to  be  operated 
by  hand,  although  automatic  feeding  devices  are  occasionally 
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attached  to  the  drill.     The  heaviest  parts   are  the   tripod 
weights,  which  weigh  100  to  160  pounds  each. 

To  operate  a  drill,  the  power  (air  or  steam)  is  turned  on, 
when  the  drill  has  been  properly  set,  and  the  cylinder  is  ad- 
vanced toward  the  face  of  the  rock  by  the  feed  screw  as  the 
drilling  proceeds.  The  machine  is  simple  and  can  be  changed 
from  the  tripod  to  the  column  in  a  few  minutes. 

The  column  is  extensible,  and  can  be  placed  horizontally 
and  vertically  as  convenience  demands.  Blocks  of  wood  are 
placed  between  the  enlarged  ends  or  feet  of  the  column  and 
the  walls,  when,  by  means  of  the  screw  in  the  extensible 
part,  the  column  can  be  fastened  securely  between  any  two 
points  desired.  The  cylinder  and  its  mount  can  be  slipped 
back  and  forth  upon  the  column,  and  has  also  a  vertical  and 
horizontal  movement,  which  may  be  employed,  if  desired. 

Two  men  are  generally  employed  with  each  drill ;  one  to  op- 
erate the  drill  and  the  other  to  loosen^the  bit  when  it  becomes 
fastened  in  the  hole.  The  loosening  of  the  bit  is  accom- 
plished by  means  of  a  few  strokes>f  a  hammer,  bar,  or  hand 
drill,  while  the  power  is  on.  The  man  who  attends  to  the 
drill  ( the  driller's  assistant)  bales  out  the  hole  and  helps  the 
driller  in  keeping  it  straight. 

There  is  a  greater  range  in  the  practice  of  placing  holes 
when  drilling  is  done  by  hand  than  when  machines  are  em- 
ployed. The  usual  practice  with  hand  drills  is  to  begin  at 
that  point  of  the  face  of  drift  which  looks  most  favorable, 
while  with  power  drills  the  center  or  bottom  positions  are 
generally  chosen.  To  accomplish  this  the  column  is  set  ver- 
tically in  the  drift  and  the  drill  set  at  the  required  height 
above  the  floor.  Several  holes  are  then  drilled  to  one  side  of 
the  center,  but  so  slanted  as  to  almost  meet  at  the  ends  of  the 
completed  holes.  Other  holes  drilled  between  this  first  row 
and  the  wall,  on  the  same  side  of  the  drift,  in  positions  rang- 
ing from  normal  with  the  face  of  the  drift  to  an  angle,  the 
reverse  of  that  of  the  first  set  of  holes,  or  slanting  outward, 
complete  the  arrangement  for  one  side,  which  is  repeated  on 
the  opposite  side  of  the  drift,  but  in  reverse  order.  Holes 
drilled  according  to  such  a  system  require  the  supporting 
column  to  be  set  up  twice  for  each  round  of  holes.     When 
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the  condition  of  the  face  permits,  the  arrangement  of  holes 
given  above  will  be  carried  in  vertical  lines  to  the  top  of  the 
drift,  which,  when  charged  and  fired  in  the  same  order  in 
which  they  were  drilled  (from  the  center  outward),  break 
down  the  whole  face.  However,  the  more  common  practice 
is  to  break  out  the  lower  portion  of  the  face  of  the  drift,  thus 
freeing  the  upper  part,  which  can  readily  be  brought  down  by 
a  few  charges  placed  across  the  top. 

When  the  face  is  rather  high  the  work  may  be  carried  on 
in  stages,  by  repeating  the  operation  of  drilling  and  blasting 
in  horizontal  lines,  which,  however,  requires  too  frequent 
taking  down  and  setting  up  of  the  drill  and  column,  as  they 
cannot  be  left  standing  while  blasting  is  being  done. 

Details  of  Hand  Drilllngr. 

Probably  ninety  per  cent,  of  all  the  drilling  done  under 
ground  is  accomplished  by  means  of  the  hand  drill,  the  ex- 
penses of  a  compressed-air  plant  being  too  great  to  warrant 
such  an  expenditure,  especially  when  there  is  not  a  good  face 
of  ore  in  sight.  Steam  might  be  employed,  and  is,  along  with 
compressed  air  in  the  same  machine,  but  is  not  in  much 
favor,  due  to  the  condensation  of  the  steam  in  the  workings 
and  the  inconvenience  caused  by  it  to  the  men.  The  expense 
of  the  power  drills  is  probably  the  principal  objection  to  their 
use.  This  objection  applies  not  only  to  their  first  cost,  but 
also  to  their  working  expense.  Power  drills  will,  however, 
come  more  and  more  into  use  as  the  mining  industry  grows. 

For  single  hand  drilling  only  one  man  is  necessary,  but  as 
most  of  the  drilling  is  done  by  double  hand  work,  two  men 
are  required  to  a  drill — one  to  strike  and  the  other  to  hold 
and  turn  the  drill. 

For  convenience  in  handling,  the  drills  are  arranged  in 
series  according  to  length.  The  lengths  are  as  follows :  First 
drill  or  starter,  18  inches  long,  blade  H  inches  wide ;  second, 
24  inches  long,  blade  about  1^  inches  wide  ;  third,  36  inches 
long,  blade  about  1^  wide;  fourth,  48  inches  long,  blade 
l|f  inches  wide  ;  fifth,  60  inches  long,  blade  l^f  inches  wide  ; 
sixth,  72  inches  long,  blade  li  inches  wide,  etc.  The  cut- 
ting edge  is  nearly  always  straight,  or  I-shaped — commonly 
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called  an  I  drill,  while  it  is  curved  more  or  less,  depending 
upon  the  character  of  the  material  to  be  drilled.  The  angle 
of  the  cutting  edge  is  about  sixty  degrees ;  for  the  harder 
rock,  about  seventy  degrees.  The  width  of  the  blade  is 
greater  in  the  first  drills  of  the  series,  or  the  shorter  ones,  so 
as  to  make  the  first  part  of  the  hole  large,  in  order  that  the 
drill  will  not  stick  or  bind  during  subsequent  drilling. 
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SAND  GUN 
Vig,  24.    Hand  apparatOB  used  in  drilling. 


The  drill  is  turned  about  one-eighth  of  a  revolution  for 
every  stroke,  thus  keeping  the  hole  round  and  preventing  the 
drill  from  slipping  and  shifting  to  one  side,  thereby  making 
a  crooked  hole.  If,  for  any  reason — as  striking  an  extra- 
hard  portion  of  rock,  a  boulder,  or  a  crevice — the  drill  slips 
to  one  side,  making  a  crooked  or  flattened  hole,  and  so  bind- 
ing the  drill,  the  hole  is  generally  squibbed.  A  small  charge 
fired  at  the  bottom  of  the  hole  will  *'burn"  it  out;  that  is, 
break  up  the  rock  for  some  distance  around,  which,  when 
cleaned  out,  will  allow  the  drill  to  proceed  in  a  straight  line 
in  the  direction  started.  Drills  of  greater  length  are  used  as 
the  hole  becomes  deeper,  until  the  desired  depth  is  reached. 
The  hole  is  then  cleaned  out  thoroughly  with  sand  pump  and 
spoon  (fig.  24)  and  squibbed.  Squibbing,  as  referred  to  be- 
fore, consists  in  enlarging  the  extremity  of  the  drill  hole  by 
firing  a  small  charge  of  powder,  placed  as  an  ordinary  shot, 
with  the  exception  of  the  tamping,  which  should  not  be 
heavy  enough,  however,  to  loosen  or  fracture  the  rock  mass. 
The  result  is  a  thorough  breaking  up  of  the  rock  within  a 
radius  of  a  few  inches  about  the  end  of  the  hole.     This 
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broken  rock,  when  cleaned  out,  leaves  a  cavity  large  enough 
to  introduce  a  number  of  sticks  of  powder,  and  so  reduces 
the  tendency  of  the  charge  to  react  along  the  line  of  the  drill 
hole. 

Advantage  is  taken  of  the  cracks  and  crevices  existing  in 
the  rock  mass ;  also  any  lines  of  weakness  which  may  be  ap- 
parent on  examining  the  rock  face.  By  this  method  of  pro- 
cedure a  very  irregular  system  of  drilling  is  necessary ;  but 
each  shot  will  be  more  effective  than  it  is  possible  to  obtain 
by  a  more  systematic  arrangement  of  holes,  such  as  is  neces- 
sary in  machine  drilling.  Power  drills  are  largely  taking 
the  place  of  hand  drills,  but  as  they  are,  as  a  rule,  operated 
by  steam  instead  of  air,  considerable  inconvenience  and 
trouble  are  experienced  in  their  use. 

Teniperingr  of  Tools. 

The  tempering  of  drills  and  picks  is  quite  a  problem  when 
the  mining  operations  are  carried  on  in  bard  material  such 
as  the  flint  formation  of  this  district.  The  blacksmith  must 
keep  himself  informed  as  to  the  nature  of  the  formation  work, 
in  order  to  be  able  to  properly  temper  the  tools. 

A  tool  tempered  to  cut  fiint  will  break  in  limestone,  as 
limestone  is  tough  ;  and  when  tempered  to  work  in  lime- 
stone will  cut  and  batter  when  used  in  flint,  as  the  tool  must 
be  made  soft  in  order  not  to  break  in  the  tough  rock.  All 
limestone  or  all  flint  of  a  certain,  fairly  constant  degree  of 
hardness  is  easily  worked,  but  both  occurring  together  or 
either  one  varying  considerably  in  hardness  makes  very  bad 
work  in  drilling. 

No  rule  is  followed  in  tempering.  A  so-called  tempering 
is  done  by  **heat*' — that  is,  noting  the  degree  of  heat  by  the 
•'feel.''  It  is  a  rare  occurrence  to  6nd  a  smith  who  tempers 
by  drawing  the  heat  and  sets  the  temper  by  color.  The  plea 
is  made  that  not  sufficient  time  is  given  to  temper  by  color, 
yet  a  tool  will  be  sent  to  the  shop  to  be  reformed  and  tem- 
pered twice  when,  if  it  were  done  properly  at  first — that  is, 
tempered  by  color — the  second  forming  and  tempering  would 
be  unnecessary  in  many  cases. 

The  temper  for  a  tool,  drill  or  pick  used  in  cutting  or 
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working  the  very  hard  flint  should  be  about  as  hard  as  pos- 
sible, that  is,  beyond  the  beginning  of  the  straw  color  into 
the  white  of  drab,  if  it  may  be  so  called.  The  temper  for 
limestone  should  be  sky  blue. 

The  miner  must,  however,  use  his  own  judgment  as  to 
what  is  the  best  temper  for  tools  cutting  rocks  with  hardness 
varying  between  these  two  extremes  by  means  of  the  eflfect  of 
the  rock  cut  upon  the  drill.  If  the  tool  batters  or  cuts,  it 
should  be  tempered  harder — that  is,  the  temper  should  be  set 
nearer  the  yellow  or  straw  color;  if  it  breaks,  it  must  be 
softer,  and  the  temper  should  be  set  nearer  the  blue. 

Sigrnaling-  Apparatus. 

The  signaling  apparatus  employed  is  very  simple,  jconsist- 
ing  in  most  cases  of  a  gong,  which  is  operated  by  a  cord  reach- 
ing to  the  foot  of  the  shaft.  Steel  triangles  are  often  used, 
and,  in  still  rarer  cases,  an  iron  lever  is  made  to  strike  a 
plate  of  metal.  In  fact,  any  means  is  employed  by  which  a 
sound  may  be  made  which  is  sufficiently  loud  to  attract  at- 
tention amid  the  other  noises  attendant  upon  a  shaft,  mine, 
or  mill. 

Top  and  Concentrating^  Machinery. 

MILL    BDILDINQS. 

The  buildings  containing  the  concentrating  machinery  are 
light,  being  constructed  mainly  to  protect  the  men  and  machin- 
ery from  the  weather ;  more  substantial  mill  buildings  are 
being  erected  as  the  mining  industry  grows.  Up  to  the  past 
year  the  mill  buildings  have  been  built  according  to  one 
plan,  namely,  a  large  room  containing  most  of  the  ma- 
chinery, as  jigs,  rolls,  crushers,  etc.,  and  is  called  the  jig 
room,  which,  together  with  several  smaller  rooms,  as  engine, 
boiler,  crusher,  storage  rooms,  and  coal  bunkers, constitute  the 
main  part  of  a  mill.  The  crusher  room  is  nearly  always  on 
the  side  of  the  building  opposite  the  boiler  room,  and  is  ele- 
vated from  8  to -30  feet  above  the  floor  of  the  jig  room  ;  and 
although  the  room  is  called  the  crusher  room,  the  crusher  is 
seldom  located  within  it.  The  boiler  and  engine  rooms  are 
generally  a  foot  or  so  below  the  floor  of  the  jig  room  ;  t.  e., 
the  floor  of  the  jig  room  is  elevated  several  feet  above  the 


230 


University  Geological  Survey  of  Kansas. 


ground.  That  part  of  the  jig  room  containing  the  jigs  is  al- 
ways floored,  while  the  remainder  of  the  room  may  have  an 
earth  floor,  generally  covered  with  a  bed  of  tailings.  This 
necessitates  one  part  of  the  floor  of  the  jig  room  being  sev- 
eral feet  lower  than  the  other ;  the  lower  part  containing  the 
rolls  and  elevators,  also  the  crusher,  which,  however,  stands 
upon  a  framework  which  raises  it  to  the  level  of  the  crusher 
room  floor.  The  coal  bunker  is  adjacent  to  the  boiler  room, 
the  open  side  of  which  faces  the  boilers.  For  a  typical  plan 
of  this  form  of  mill  building,  see  flgure  33. 


CRA|4E 
Flflf.  3S.    Plan  of  jiff  room,  showinff  poeition  of  machinery. 

Another  form  of  building  which  seems  to  be  growing  in 
favor  is  shown  in  plate  XXXIV.  This  style  of  structure  has 
a  broken  slope  roof,  one  large  roof  covering  nearly  all  the  ma- 
chinery, which  is  enclosed  within  its  four  walls.  Low  par- 
titions separate  the  engine  and  boiler  rooms  and  other  parts 
of  the  mill  from  the  jig  room. 

The  advantage  of  this  form  of  building  over  others  is  that 
one  can  take  a  position  commanding  a  view  of  the  whole  plant, 
when  the  whole  operation  of  crushing,  screening,  jigging, 
etc. — in  fact,  the  whole  process  of  concentration — can  be  seen 
at  a  glance,  with  the  laborers  at  their  respective  posts.  Any 
break  in  the  machinery  can  also  be  readily  detected,  as  well 
as  any  defects  in  the  plan  of  the  work.  It  also  obstructs  the 
light  less  than  the  other  styles  of  buildings. 

The  tailings  elevator  is  erected  at  the  jig  room  end  of  the 
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building,  and  receives  practically  all  of  the  waste  product  of 
the  mill. 

The  Jig  Room. — The  jig  room  is  the  main  room  of  the  mill 
and  contains  practically  all  of  the  concentrating  machinery. 
Figure  32.  It  is  usually  built  so  that  its  longer  dimension 
is  east  and  west.  The  room  is  generally  24x54  or  64  feet  on 
the  ground  and  9  feet  to  the  rafters,  while  the  roof  is  com- 
paratively low.  The  framework  is  made  of  heavy  timbers, 
put  together  in  the  usual  manner  that  low  and  strong  build- 
ings are  constructed. 

The  foundations  are  always  made  very  strong,  and  consist 
either  of  stone  columns  or  boxes  of  concrete. 

Hardwood  floors  of  2x10  or  12  inch  oak  plank  are  the  rule. 

The  rafters  are  usually  formed  into  trusses  which  are  made 
of  8x8  inch  pine  timber,  and  are  placed  from  eight  to  ten  feet 
apart.  These  trussed  rafters  hold  the  line  shaft  for  the  mill 
machinery  and  are  purposely  made  very  strong,  as  the  strain 
upon  them  is  severe.  Roof  timbers  are  placed  and  the  roofing 
put  on  in  the  usual  way. 

Doors  are  placed  at  both  ends  of  the  jig  room,  besides  which 
there  are  doors  leading  into  the  other  rooms  of  the  mill.  Win- 
dows are  located  so  as  to  give  the  largest  amount  of  light  pos- 
sible. They  are  usually  placed  quite  high  up  on  the  sides  of 
the  building,  in  order  to  be  above  the  machinery. 

Stairs  lead  from  the  floor  of  the  jig  to  the  crusher  room, 
and  steps  and  walks  are  arranged  so  as  to  give  access  to  the 
highest  as  well  as  lowest  parts  of  the  mill  and  around  the 
various  machines. 

Engine  and  Boiler  Rooms. — These  rooms,  usually  adja- 
cent to  the  jig  room,  are,  as  a  rule,  built  on  the  south  side  of 
the  mill  building  proper.  They  usually  occupy  an  addition 
or  ell  to  the  main  building,  placed  as  indicated  above.  This 
portion  of  the  building  is  usually  divided  into  two  parts,  the 
larger  of  which  is  the  engine,  the  smaller  the  boiler  room  and 
coal  bunkers  or  bins.  In  the  engine  room  are  located  the  en- 
gine, boiler,  pump,  heater,  air  compressor,  and  dynamo,  pro- 
vided all  these  machines  are  employed  in  the  mill  and  mine. 
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The  coal  bunkers  or  bins  open  directly  into  the  boiler  room, 
facing  the  boilers. 

Crusher  Room. — The  crusher  room  is  usually  built  upon 
wooden  columns  or  posts  and  stands  from  8  to  10  up  to  30 
and  40  feet  above  the  jig  room  floor.  The  elevation  of  this 
room  depends  largely  upon  the  location  of  the  mill,  whether 
on  the  level  or  on  a  slope,  and  is  given  such  an  elevation  that 
gravity  may  act  upon  the  material  to  be  treated  and  aid  in 
carrying  it  through  the  mill.  The  location  of  the  feed  shaft 
or  shafts  also  has  much  to  do  with  the  position  and  height  of 
the  crusher  room. 

Foundation  columns  of  stone  or  concrete  are  placed  every 
eight  feet,  upon  which  are  erected,  vertically,  large  timbers 
which  support  the  rafters,  to  which  are  nailed  the  heavy  oak 
floor  planks.  Upon  the  platform  thus  formed  are  erected  the 
sides  and  roof  of  the  crusher  room,  which  protect  the  crusher 
feeders  from  the  weather  and  serve  as  a  temporary  storage 
bin  for  the  mine  run  ore. 

Tramways  enter  this  room  through  large  doors  or  openings 
in  the  sides  or  roof,  while  windows  and  doors  are  provided 
to  furnish  the  necessary  light  and  air. 

The  floor  in  front  of  the  crusher  mouth  is  often  sheathed 
with  sheet,  iron  to  prevent  wear  and  to  facilitate  the  handling 
of  the  dirt.  On  the  mill  side  of  the  crusher  room  floor  and 
projecting  the  width  of  the  mouth  in  the  room  are  placed  one 
or  more  crushers.  The  mouths  of  the  crushers  are  on  a  level 
with  the  crusher  room  floor. 

Orb  or  Concentrates  Bins  and  Storage  Room. — Strong 
bins  are  built,  usually  outdoors,  and  at  one  end  of  the  jig 
room,  either  in  front  or  to  one  side  of  the  main  door.  The 
compartments  in  these  bins,  of  which  there  are  from  four  to 
eight,  are  usually  8x10,  10x10  or  10x12  feet,  horizontal 
plan,  and  from  3i  to  4  feet  deep.  They  are  strongly  built, 
and  braced  by  posts  and  plank.  The  corner  as  well  as  the 
side  posts  or  supports  are  set  in  the  ground,  to  which  planks 
or  floor  timbers  are  fastened  next  to  the  ground.  On  these 
ground  plank  the  bottom  planks  are  nailed  ;  then  the  sides  are 
boarded  up  and  partitions  placed  dividing  the  main  bin  into 
compartments  the  size  of  which  is  given  above.     The  tops  of 
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the  posts  are  further  strengthened  by  plank  2x4  or  2x6,  nailed 
down  flatwise,  thus  forming  a  railing  around  the  top,  which 
is  used  as  a  walk. 

A  plank  extending  from  the  jig  room  door  furnishes  a  track 
for  wheelbarrows,  in  which  the  concentrates  are  transferred 
from  the  jig  room  to  the  bin. 

When  the  concentrates  are  hauled  by  cars  the  track  is  built 
directly  over  the  middle  or  to  one  side  of  the  bin.  In  the 
latter  case  there  are  usually  two  lines  of  track,  which  extend 
in  a  straight  line  through  the  jig  room,  and  thence  to  the  bin, 
and  are  provided  with  switches  at  several  points.  The  cars 
are  run  by  hand  from  the  front  of  the  jigs  out  to  the  bin, 
where  they  are  dumped  and  run  back  again.  These  cars  are 
so  arranged  that  they  are  readily  handled  and  dumped. 

The  storage  room  is  generally  situated  under  the  crusher 
room,  in  the  vacant  space  between  the  columns  or  posts  sup- 
porting the  floor  of  the  same.  It  is  used  for  storing  oil, 
cables,  roll  shells,  and  repairs  of  all  kinds. 

The  method  of  handling  and  storing  the  mine  run  ore  is 
gradually  changing  the  plan  of  construction  of  the  mill 
buildings.  Formerly  the  only  place  for  storage  was  in  the 
crusher-room,  but,  beyond  a  certain  tonnage,  it  was  found 
that  the  crusher  feeders  were  interfered  with,  due  to  accumu- 
lation of  ore.  This  led  to  an  increase  in  the  height  of  the 
mill  building,  with  the  addition  of  ore  bins — usually  two — 
which  are  filled  with  sized  products  from  grizzlies  situated  at 
the  top  of  the  same.  Probably  the  best  illustration  of  this 
construction  can  be  borrowed  from  mills  located  in  Ghitwood 
Hollow,  Mo.,  one  of  the  most  typical  of  which  is  the  Lack- 
awanna mill. 

This  method  of  construction  tends  toward  the  multiple 
story  style,  or  the  so-called  gravity  mills,  in  which  the 
rougher  jigs  occupy  the  second  floor,  while  the  finishers  or 
cleaner  jigs  complete  the  concentration  below. 

Crusher  Frame. 

The  crusher,  although  situated  in  the  jig  room,  must  stand 
on  a  level  with  the  floor  of  the  crusher  room.  The  mouth  or 
feed  of  the  crusher  extends  into  the  crusher  room  and  is  on  a 


Cranb.]        Pro»pecling,  Mining  and  Milling  Machinery.        286 

level  with  the  same.  Neither  the  crusher  frame  nor  any  part 
of  the  crusher  support  caa  be  fasteued  to  the  floor  timbera  of 
the  cruaher  room  or,  in  fact,  to  any  part  of  the  mill  building, 
due  to  the  excessive  vibratory  motion  aet  up  and  maintained 
by  the  crusher  while  at  work. 


FIk.  81.    Foundmtion  fnune  and  Bupitort  for  cmiher. 

The  framework  or  foundation  of  the  crusher  ia  built  up 
from  the  ground  next  to  the  jig  room  side  of  the  crusher  room, 
and  is  anchored  down  by  dead  men,  placed  from  6  to  8  feet 
below  the  surface.  It  is  also  placed  upon  a  bed  of  broken 
rock,  and  occasionally  upon  concrete. 

The  timbers  are  8x9,  10x10  or  10x12  inch  material,  and 
are  bolted  and  braced  in  the  strongest  possible  way.  A  bat- 
ter of  from  two  to  two  and  one-half  inches  to  the  foot  is  given 
to  the  vertical  support  in  both  directions.  Figure  34  shows 
a  side  view  of  a  cruaher  frame  with  a  portion  of  a  frame  for 
rolls  attached,  showing  how  connection  is  made  when  this 
arrangement  is  desired . 

When  the  Boor  of  the  crusher  room  is  quite  high,  extra 
precautions  are  taken  in  anchoring  down  the  crusher  founda- 
tion.   In  auch  cases  it  is  also  ballasted,  which  is  accomplished 
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bj  boarding  up  the  framework  inside,  thus  tormlDg  a  box 
which  is  filled  with  broken  rock. 

It  is  very  essential  that  the  crusher  is  held  firm  and  not 
allowed  to  shake  or  yibrate  in  the  least.  Power  will  be  lost 
and  the  building  weakened  ;  besides  a  disagreeable  Doise  will 
result  if  any  such  moyement  is  allowed. 

BOLL   FR&HB8. 

KoU  frames  are  built  of  8x9,  10x10  or  10x12  inch  pine 
timbers,  and  are  constructed  by  putting  together  two  rec< 
tangular  frames  in  such  a  manner  that  a  rectangular  paral- 
lelopiped  is  formed.  The  timbers  are  all  mortised  and  the 
whole  firmly  bolted  together  by  three-fourths  inch  bolts. 
Details  of  the  construction  of  such  a  frame  are  shown  in 
figure  35. 


The  length  of  the  frame  is  usually  seven  feet,  while  the 
breadth  ia  three  and  one-half  to  four  feet.  The  vertical  di- 
mensions depend  upon  the  construction  of  the  mill,  and  may 
be  of  any  height  up  .to  4ior  5  feet. 

When  the  roll  frame  or  foundation  is  high,  a  trough  is  pro- 
vided to  catch  the  crushed  material  which  falls  from  the  rolls 
above;  when  low,  a  rectangular-shaped  funnel,  formed  of 
boards,  is  employed. 

The  frame  is  anchored  down  by  dead  men  placed  several 
feet  below  the  surface  in  a  bed  of  broken  rock  or  concrete. 
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BLBVATORS. 

As  elevators  constitute  a  very  important  part  of  the  con- 
centrating machinery,  too  great  attention  cannot  be  given  to 
their  construction.  Differing  as  they  do  only  in  regard  to 
the  fineness  and  quantity  of  material  handled,  the  method  of 
construction  for  the  various  forms  is  practically  the  same,  ex- 
cept possibly  in  the  case  of  tailings  elevators,  which  of  neces- 
sity must  be  higher  and  bear  greater  loads. 

The  body  of  the  elevator  consists  of  a  long  rectangular 
shaft,  larger  at  the  base  than  at  the  top.  Plate  XXVI.  The 
framework  is  firmly  fastened  to  posts  set  in  the  ground,  be- 
tween which,  and  sunk  into  the  ground  several  feet,  is  a  box 
or  boot,  which  forms  a  receptacle  into  which  the  material  to  be 
elevated  is  run.  Pulleys  are  placed  at  the  top  and  bottom  of 
the  elevator  frame,  upon  which  a  belt  bearing  iron  cups  or 
buckets  operates.  The  belt  is  always  driven  by  the  top  pul- 
ley, and  for  this  reason  the  interior  and  tailings  elevators 
are  built  somewhat  differently,  although  they  operate  in  ex- 
actly the  same  manner. 

It  is  found  that  the  elevator  belts  carry  best  when  they  are 
inclined  ten  to  twelve  degrees  from  the  vertical.  The  buckets 
are  built  so  as  to  be  full  when  at  the  inclination  given.  Fig- 
ure 43.  There  are  two  ways  of  building  an  elevator  so  that 
this  inclination  or  batter  may  be  given  to  the  belt  which  sup- 
ports the  buckets,  namely :  First,  by  giving  one  side  of  the 
elevator  the  required  inclination,  keeping  the  other  side 
vertical,  and  then  shifting  the  pulleys  so  that  the  belt  will 
run  parallel  with  the  side  to  which  the  batter  is  given ;  sec- 
ond, by  inclining  the  whole  elevator,  which  in  itself  will 
throw  the  pulleys  out  of  the  perpendicular,  thus  giving  the 
belt  the  required  batter  or  inclination.  The  first  method  is 
much  to  be  preferred,  for  the  reason  that  any  material  fall- 
ing from  the  elevator  in  the  act  of  being  raised  or  while 
dumping  will  drop  back  into  the  receiving  basin  or  boot  at 
the  bottom  without  striking  against  the  side  of  the  elevator. 
In  the  second  method  of  construction,  all  material  falling 
will  strike  and  run  down  the  back  side  of  the  elevator  and 
thus  rapidly  wear  through.     Occasionally  both  methods  are 
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employed,  where  only  a  slight  elevation  is  necessary  and 
therefore  little  inclination  is  needed.  The  batter  is  usually 
two  inches  to  the  foot. 

Thb  Tailings  Elevator. — The  tailings  elevators  are,  as  a 
rule,  made  of  three  frames  placed  side  by  side,  which  are, 
when  erected,  fastened  together  by  mortised  cross  timbers. 
These  frames  divide  the  shafts  so  constructed  into  two  com- 
partments, one  of  which  is  about  two-thirds  the  cross-sectional 
area  of  the  other.  The  smaller  compartment  is  closely 
boarded  up,  while  the  larger  one  has  a  side  left  open ;  this 
side  is  usually  that  on  the  inclined  or  elevating  side  of  the 
elevator.  The  open  side  is  cleated  by  strips  of  board  placed 
transversely  and  about  one  foot  apart,  forming  a  ladder  way 
leading  to  the  top  of  the  elevator.  Plate  XXVII.  The  closed 
compartment  comprises  the  driving  band  or  belt  box,  while 
the  open  compartment  contains  the  elevator  proper,  and  is 
left  open  so  as  to  allow  of  easy  access  to  the  elevator  belt  and 
buckets.  The  tops  of  both  of  the  compartments,  which  com- 
prise the  whole  of  the  top  of  the  shaft  or  elevator,  are  capped 
by  a  box  which  fits  upon  the  framework  of  the  elevator. 

The  height  of  tailings  elevators  varies  from  25  to  60  feet, 
while  the  width  is  usually  about  four  feet  at  the  top  and  six 
to  ten  or  twelve  feet  at  the  bottom. 

The  diameter  of  the  elevator  pulleys  is  from  eighteen 
inches  to  two  feet,  and  the  faces  range  .in  width  from  twelve 
to  fourteen  inches. 

Two  elevators  are  occasionally  employed  in  series  to  carry 
tailings  to  the  top  of  the  waste  piles.  Such  an  arrangement 
is  to  be  seen  at  the  sludge  mill  situated  between  Galena  and 
Empire.  Plate  XXVI.  This  is  the  only  case  of  the  kind 
noticed,  and  is  necessitated  by  the  large  amount  of  material 
handled  and  the  rapidity  of  the  growth  of  the  pile.  The 
tailings  elevator  is  placed  at  the  end  of  the  mill  opposite  the 
crusher  room,  or  at  one  end  of  the  jig  room,  and  usually 
stands  from  50  to  60  feet  in  height. 

Tailings  Elevator  Sluiceway. — The  sluiceway  or  launder  that 
bears  the  tailings  from  the  elevator  to  the  tailings  pile  is  sup- 
ported by  a  frame  or  trestle  work  of  plank,  the  construction 
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of  which  is  shown  in  nearly  all  of  the  accompanying  cuts  of 
mills  and  in  figure  36. 

The  trough  or  launder  is  placed  in  the  tops  of  support- 
ing bents  which  are  spaced  and  braced  by  horizontal  and 
diagonal  timbers  running  from  one  to  the  other.  The  bents 
are  placed  from  twelve  to  sixteen  feet  apart  and  are  from 
25  to  60  feet  in  height,  the  height,  however,  depending 
upon  the  required  height  of  the  tailings  elevator.  Sufficient 
inclination  or  dip  is  given  to  the  launder  to  allow  the  water 
readily  to  bear  the  tailings  through  it. 
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Tig,  88.    B«nt  for  support  of  tailinsrs  launder. 
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Often  a  tailings  separator  or  unwatering  device  is  placed 
in  the  launder  to  separate  the  water  from  the  tailings,  and 
so  prevent  the  filling  of  the  mill  supply  pond.  The  separa- 
tor often  consists  of  a  screen  placed  vertically,  or  nearly  so. 
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in  a  break  in  the  launder.  Through  this  screen  the  water 
can  pass,  but  the  tailings,  not  being  able  to  pass  through,  fall 
to  the  ground.  By  this  means,  the  tailings  pile  may  be  built 
at  any  point  along  the  sluiceway  or  launder,  or  may  be  shifted 
from  one  point  to  the  other  as  the  pile  increases  in  height. 

The  launder  is  often  lined  with  a  special  form  of  cast  iron 
trough.  This  iron  lining  or  spouting  comes  in  three  or  four 
foot  lengths  and  any  width  up  to  eight  and  ten  inches,  and 
averaging  about  2i  to  3  inches  in  depth. 

The  Interior  Elevators. — The  mill  or  interior  elevators 
do  not  need  to  be  so  strongly  built  as  the  tailings  elevators. 
They  are  usually  from  12  to  16  feet  high  and  from  6x8  to 
8x10  feet  in  plan,  although  the  size  varies  with  the  capacity 
of  the  mill  and  the  location  of  the  elevator. 

The  elevator  belt  is  driven  by  the  top  pulley,  which  is  con- 
nected directly  to  the  main  line  shaft  of  the  mill,  thus  doing 
away  with  the  double  compartment  shaft  required  in  the 
tailings  elevator,  which  must  be  enclosed  to  protect  it  from 
the  wind. 

ELtVATOR    b\)CKtT 


?UN 


S\OE  VIEW 
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Vig,  43.     Details  of  elevator  buckets  of  sheet  iror,  showing:  method  of  attaching:  to  belt. 
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In  both  forms  of  elevators,  the  belt  is  tightened  by  a  lever 
arrangement  connected  with  the  bearings  of  the  lower  pulley 
in  the  upper  part  of  the  boot. 

The  box  in  which  the  elevated  material  is  thrown,  and 
which  conducts  it  to  the  launder  through  which  it  is  dis- 
charged, should  project  into  the  elevator  about  six  inches. 
This  is  to  make  sure  that  all  of  the  elevated  material  is  caught 
and  conducted  to  the  proper  point. 

The  buckets  are  made  of  sheet  iron,  cut  to  pattern,  formed 
and  riveted  as  shown  in  figure  43.  The  finished  buckets  are 
fastened  to  the  main  elevator  belt  by  means  of  small  flat- 
headed  bolts,  between  which  and  the  elevator  belt  is  inserted 
another  piece  of  rubber  belting,  which  takes  up  the  wear 
that  would  result  if  the  buckets  came  in  direct  contact 
with  it. 

DERRICKS    OR    HEAD    FRAMES. 

«     

The  primary  object  of  a  derrick  is  to  furnish  a  support 
for  the  sheave  over  which  the  hoisting  cable  or  rope  passes. 
It  also,  when  covered,  furnishes  protection  from  the  weather 
to  the  operators. 

Formerly  the  derrick  was  made  of  single  lengths  of  timber, 
forming  a  truncated  quadrangular  pyramid,  with  the  lower 
base  twelve  feet,  and  the  upper  base  from  four  to  six  feet 
square.  A  framework  was  placed  at  the  top  and  bottom  to 
maintain  the  shape  of  the  derrick.  The  corner  timbers  were 
then  braced  by  boards  nailed  diagonally  across  on  the  four 
sides.  The  platform  was  the  ground,  with  an  occasional 
rough  plank  landing  place  about  the  shaft  mouth.  The 
track  had  to  be  raised  constantly  as  the  dump  increased  in 
height.     This  was  the  old  method  of  erecting  derricks. 

A  new  departure  in  derrick  building  was  inaugurated  in 
1885  by  Mr.  Hufl*.  The  new  form  of  derrick  suggested  and 
adopted  by  Mr.  Huff  does  not  difl*er  essentially  from  the  for- 
mer plan  except  in  one  particular — i.  e.,  in  height  and  posi- 
tion of  platform. 

Posts  are  set  in  an  upright  position  at  the  corners  of  a 
square  or  rectangular  space  enclosing  the  shaft  mouth,  upon 
which  is  built  a  platform,  all  being  securely  braced.     The 
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f^t-.f^te  the  handling  of  wastes  and  to  elevate  the  landing 
to  ^^^'^  to  such  a  height  that  ore  can  be  transferred  by  tram- 
P^^^ directly  to  the  Hoor  of  the  crusher  room. 
^^\   the  hoist  is  usually  placed  upon  the  landing  platform,  it 
ads  ^^l^  within  the  base  of  the  derrick  proper,  and  as  all 
^  the  four  posts  of  the  derrick  are  given  an  equal  batter,  the 
heftV^®  being  within  the  geometrical  center  of  the  top  frame, 
g^pported  by  the  posts,  an  exceptionally  strong  and  stable 
frame  results,  and  is  admirably  adapted  to  the  work  in  hand. 
When  the  shafts  are  feeders  to  mills  the  derricks  are  built 
as  part  of  the  mill  building,  if  close  enough  ;  in  any  case,  the 
derrick  platform  must  be  as  high  as  the  crusher  room  floor. 
In  many  instances,  the  platform  supporting  timbers  are  from 
twenty  to  thirty  feet  long,  and  if  the  shaft  is  at  a  distance 
from  the  mill,  the  tramway  connecting  the  two  will  of  neces- 
sity be  of  the  same  height  or  higher  than  the  crusher  room 
lloor.     Plate  XXXIV. 
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platform  generally  stands  from  8  to  14  even  up  to  30  feet 
above  the  ground,  upon  which  is  built  the  derrick  proper,  in 
a  similar  manner  to  that  employed  in  the  first  method  of 
building  derricks.     Plates  XXIX  and  XXXIV. 

In  most  cases  two  cross  timbers  are  fastened  to  the  top 
frame  about  a  foot  apart,  to  which,  by  various  methods  of 
attachment,  is  fastened  the  sheave.  Occasionally  the  sheave 
is  fastened  to  a  single  timber,  which  can  be  moved  back  and 
forth  on  the  two  supporting  timbers  so  that  the  bucket  may 
be  made  to  occupy  the  center  or  any  point  in  the  shaft  that 
is  desired. 

A  tramway  is  built  from  one  side  of  the  platform,  extend- 
ing far  enough  away  so  that  no  rock  from  the  dump  pile  will 
roll  back  into  the  shaft  mouth.  After  the  mine  has  been  de- 
veloped, the  same  tramway  may  be  employed  as  a  roadway 
to  the  separating  screen,  in  hand  jigging,  or  to  the  mill. 
Figure  37  shows  a  typical  form  of  derrick,  with  steam  hoist 
and  parallel  bars,  screen  or  grizzlies  for  separating  the  mine 
run  dirt  preceding  hand  jigging.  The  tramway.  A,  screen, 
Bf  and  derrick  base,  C,  together  with  the  top,  Z>,  are  shown 
in  the  cut. 

The  object  of  this  style  of  head  frame  is  twofold,  namely, 
to  facilitate  the  handling  of  wastes  and  to  elevate  the  landing 
platform  to  such  a  height  that  ore  can  be  transferred  by  tram- 
way directly  to  the  floor  of  the  crusher  room. 

As  the  hoist  is  usually  placed  upon  the  landing  platform,  it 
stands  well  within  the  base  of  the  derrick  proper,  and  as  all 
of  the  four  posts  of  the  derrick  are  given  an  equal  batter,  the 
sheave  being  within  the  geometrical  center  of  the  top  frame, 
supported  by  the  posts,  an  exceptionally  strong  and  stable 
frame  results,  and  is  admirably  adapted  to  the  work  in  hand. 

When  the  shafts  are  feeders  to  mills  the  derricks  are  built 
as  part  of  the  mill  building,  if  close  enough  ;  in  any  case,  the 
derrick  platform  must  be  as  high  as  the  crusher  room  floor. 
In  many  instances,  the  platform  supporting  timbers  are  from 
twenty  to  thirty  feet  long,  and  if  the  shaft  is  at  a  distance 
from  the  mill,  the  tramway  connecting  the  two  will  of  neces- 
sity be  of  the  same  height  or  higher  than  the  crusher  room 
floor.     Plate  XXXIV. 
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An  opening  or  manhole  is  made  in  the  platform  the  size  of 
the  shaft,  through  which  the  hoisting  is  done.  A  track  is 
laid  upon  the  platform,  a  rail  being  placed  close  to  the  edge 
of  and  on  either  side  of  the  manhole.  This  track  extends 
across  the  platform  and  onto  the  tramway,  being  one  con- 
tinuous line.  Occasionally  two  tracks  are  built  upon  the 
tramway,  in  which  case  they  are  connected  by  switches.  By 
this  arrangement  the  car  can  be  run  directly  under  the  bucket 
or  tub,  which  is  lowered  upon  it,  unhooked  from  the  cable, 
and  run  out  to  the  dump  or  mill. 

The  top  frame,  or  derrick  proper,  is  generally  boarded  up 
and  roofed  over,  forming  a  small,  four-sided,  sloping  walled 
house.  Double  doors  are  placed  on  the  tramway  side  of  the 
top  or  derrick  house,  which  open  outward  and  rest  against 
the  side  of  the  house.  This  opens  the  larger  part  of  the  side 
of  the  house  facing  the  tramway,  thus  allowing  an  unobstructed 
view,  and  gives  ready  access  to  the  shaft  proper.  Windows 
are  usually  placed  in  two  of  the  remaining  sides. 

When  the  hoisting  apparatus  is  placed  on  the  derrick, 
openings  are  made  for  the  smoke  stack,  feed  and  exhaust 
pipe  in  the  sides  and  roof  of  the  house. 

TRAMWAYS. 

The  tramway  is  simply  an  elevated  track,  supported  by 
greatly  elongated  or  tall  bents.  Two  timbers  placed  upon 
and  running  longitudinally  with  the  bents  furnish  a  support 
for  the  ties  to  which  the  track  is  fastened.  Switches  are 
placed  in  the  usual  manner. 

Occasionally  the  track  is  protected  by  a  covering  of  light 
boards,  which  is  supported  by  posts  or  uprights  at  the  sides 
of  the  track.  A  common  form  of  single  track  tramway  con- 
struction, also  a  covering,  as  mentioned  above,  which  in  this 
case  is  expanded  to  cover  the  switch  at  the  middle  point,  is 
shown  in  plate  XXX. 

The  tramway  is  either  made  level,  or  slopes  gently  toward 
the  mill,  with  an  inclination  of  least  six  inches  to  one  hundred 
feet  (one-half  per  cent.),  so  that  loaded  cars  can  be  trans- 
ferred more  readily  in  that  direction. 
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Track. — The  rail  used  is  the  ordinary  J  rail  generally  em- 
ployed, with  light  rolling  stock,  and  is  used  both  above  and 
below  ground.  The  weight  is  from  14  to  16  pounds  per  yard. 
The  rails  are  placed  three  feet  eight  inches  apart  on  tramways 
and  from  fourteen  to  eighteen  inches  apart  in  the  pit.  The 
dimensions  of  the  rails  are  as  follows :  Breadth  of  base,  li 
inches;  of  top,  f  inch;  of  the  web,  i  inch;  height  of  rail, 
2i  inches ;  average  thickness  of  cap  and  base,  i  and  f  inch. 
Rails  come  in  even  lengths  of  ten,  twelve  and  sixteen  feet,  but 
are  cut  in  any  desired  length  to  adapt  the  track  to  special 
conditions. 

The  reason  that  the  track  is  so  wide  gauged  on  the  tram- 
way is  that  the  rails  must  pass  on  either  side  of  the  manhole 
in  the  derrick  platform.  When  the  bucket  is  raised,  the  cars 
run  over  the  manhole,  thus  covering  the  shaft  and  bringing 
the  car  directly  under  the  bucket,  which  when  lowered  will 
rest  upon  it.  The  cable  is  then  unhooked  and  the  car,  together 
with  the  bucket,  may  be  run  along  the  tramway  leading  to 
the  mill  or  the  dump. 

The  cars  in  the  pit  are  just  large  enough  for  a  bucket  to 
set  upon  them,  and  often  enclose  the  top.  3,  figure  45. 
The  cars  are  so  constructed,  i.  e.,  the  wheels  are  under  or  in- 
side wheels  and  the  wheel  base  is  so  very  short,  that  an  ex- 
ceedingly narrow  gauge  is  necessary — usually  eighteen  inches. 

The  rails  are  spiked  to  the  ties,  which  consist  of  planks  or 
most  any  kind  of  rough  timber  strong  enough  to  hold  them 
together.  The  side  tracks  are  connected  with  the  main  track 
in  the  ordinary  manner,  and  are  furnished  with  switches  and 
crossings.  The  tracks  are  made  approximately  level,  a  slight 
inclination  being  allowed  in  the  direction  the  load  is  to  be 
hauled,  so  as  to  facilitate  the  passage  of  the  loaded  cars. 

HOISTING    APPARATUS. 

The  hoisting  apparatus  consists  essentially  of  the  derrick, 
the  hoisting  engine,  cages,  buckets,  cables,  ropes,  and  dump- 
ing appliances. 

The  methods  of  hoisting  are  very  varied,  and  range  from  a 
double  armed  windlass  to  the  latest  improved  friction  and 
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geared  hoisting  engine.     Only  the  power  forms  will  be  con- 
sidered here,  however. 

Hoisting  Enginbs. — Horse  Hoist  or  Whim.  The  horse  hoist 
or  whim  consists  of  a  framework  upon  which  is  mounted  a 
drum,  A,  on  a  shaft,  N.  Figure  38.  The  shaft  is  set  in  box- 
ings which  are  fastened  to  the  framework.  The  lever  is  sup- 
ported by  a  U-Bhaped  strap,  D,  which  is  pivoted  at  both  ends. 
It  is  thus  evident  that  the  lever  has  practically  a  universal 
movement,  or,  as  far  as  we  are  concerned,  two  distinct  move- 
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menta  at  right  angles  to  each  other.  At  one  end  of  the  drum 
is  a  square  grooved  wheel,  upon  the  periphery  and  between 
the  flange  of  which  an  iron  band,  F,  rests,  and  is  fastened  by 
one  end  to  the  lower  end  of  the  lever  by  means  of  an  eye 
bolt,  E.  The  bolt,  E,  thus  supports  one  end  of  the  band, 
while  the  other  end  is  fastened  by  means  of  a  hook  to  a  point 
above  the  hinge,  D,  and  at  a  distance  above  Q  equal  to  the 
distance  from  D  to  E.  It  is  therefore  apparent  that  if  the 
lever  is  thrown  to  the  right  the  band  is  loosened  on  the  wheel, 
if  to  (he  left,  it  is  tightened,  thus  forming  an  excellent  form 
of  friction  band  brake.     The  working  of  the  clutch  may  be 
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explained  as  follows  :  The  projections  or  teeth,  B,  are  a  part 
of  the  drum  and  brake  wheel.  The  arm,  C,  is  fastened  to  the 
shaft,  W,  and  always  rotates  in  the  same  plane,  while  by  mov- 
ing the  lever  the  projections  (teeth),  B,  are  moved  out  of  the 
plane  of  rotation  of  C,  and  do  not  therefore  come  in  contact 
with  it.  On  moving  the  lever  in  the  opposite  direction,  the 
projections,  B,  are  moved  into  the  plane  of  the  rotation  of  C, 
and  engage  with  the  same,  causing  the  drum  to  rotate  with 
the  shaft.  It  is  thus  evident  that  the  power  can  be  thrown 
off  and  on,  and  in  a  similar  manner  the  brake  may  be  applied, 
by  moving  the  lever  to  the  right  and  left  and  backwards  ard 
forwards.  When  a  bucket  or  tub  is  to  be  lowered  into  the 
mine,  the  power  is  then  thrown  off  by  moving  the  lever  to 
the  right  and  the  speed  of  descent  is  regulated  by  the  friction 
brake . 

Too  great  care  cannot  be  taken  in  seeing  that  all  parts  of 
the  brake  are  sound  and  in  good  working  condition ;  other- 
wise danger  to  life  may  result. 

Steam  Hoist. — There  are  two  general  types  of  steam  hoist- 
ing machines  employed  in  the  district,  namely  :  First,  where 
the  engine  and  the  drum  are  separate  ;  second,  where  the  two 
are  combined.  As  a  rule  both  power  and  brake  are  applied 
by  friction,  the  application  of  which  is  accomplished  by  ec- 
centrics. Second  motion  hoists  are  almost  universally  em- 
ployed. 

When  the  drum  is  separate  from  the  engine  it  is  mounted 
upon  the  derrick  or  head  frame,  while  the  engine  proper 
stands  on  the  ground  at  the  foot  of  the  derrick,  in  which 
case  the  engine  may  bo  of  any  form.  Traction  engines  are 
often  used,  while  horizontal  or  upright  stationary  boilers 
with  engines  attached  are  of  frequent  occurrence.  When  the 
engine  and  hoisting  machines  are  separate,  the  power  is 
transmitted  by  means  of  a  belt,  which  is  made  as  short  as 
possible,  and  is  generally  protected  by  a  belt  box  to  prevent 
the  wind  from  disturbing  it.  The  drum  is  placed  close  to 
one  side  of  the  derrick,  so  as  to  give  as  much  room  as  possi- 
ble upon  the  platform. 

This  form  of  steam  hoist  is  not  so  handy  or  economical  as 
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the  form  where  both  drum  and  engine  are  combined,  for  the 
reason  that  either  two  men  are  required  to  operate  it,  or  one 
must  climb  up  and  down  the  derrick  in  his  care  of  boiler, 
engine,  and  drum.  When,  however,  the  engine  and  drum 
are  separate,  there  is  more  room  on  the  platform  of  the  der- 
rick than  is  possible  when  both  are  combined. 

In  the  improved  forms  of  hoisting  engines,  the  framework 
of  the  engine  and  the  drum  support  is  one  and  the  same. 
The  engine  operates  the  shaft  bearing  the  small  friction  wheel 
that  drives  the  drum.  Two  small  friction  wheels  are  gener- 
ally employed,  especially  in  the  larger  machines,  which  neces- 
sitate a  large  friction  wheel  on  both  ends  of  the  drum.  An 
eccentric  bearing  is  also  placed  on  both  ends  of  the  drum 
shaft,  so  that  the  whole  drum  can  be  moved  back  and  forth 
either  against  the  friction  wheels  or  in  the  opposite  direction 
against  the  brake  plate.  By  this  arrangement  of  eccentrics, 
the  power  may  be  thrown  on  and  off  and  the  brake  also  ap- 
plied by  the  same  movement.  An  additional  braking  move- 
ment is  given  or  provided  for^  so  that  a  finer  adjustment  and 
a  further  tightening  of  the  brake  may  be  obtained. 

Steam  is  furnished  to  these  hoisting  engines  by  feed  pipes 
from  the  boiler  plant  at  the  mill,  a  small  boiler  on  the  ground 
at  the  foot  of  the  derrick,  or  a  boiler  placed  on  the  platform 
of  the  derrick.  The  last  method  is  the  one  usually  employed, 
although  the  first-mentioned  method  is  especially  applicable 
where  several  shafts  are  grouped  about  one  mill. 

The  throttle  is  so  arranged  that  it  is  opened  and  closed  by 
means  of  a  push  rod  or  a  combination  of  levers,  which  is 
placed  within  easy  reach  of  the  engineer.     Figure  26. 

Cages. — As  the  mining  operations  during  the  past  have 
been  to  a  great  extent  superficial,  cages  have  not  been  em- 
ployed, as  they  cannot  be  used  to  advantage  in  shallow  work- 
ings. The  deeper  raining  of  the  past  few  years  has  necessi- 
tated, in  a  few  cases,  the  introduction  of  cages,  with  improved 
shaft  linings  and  hoisting  machinery. 

The  advantages  gained  in  speed,  safety  and  economy  should 
warrant  a  speedy  change  from  buckets  to  cages,  and  it  is  to 
be  hoped  that  the  use  of  cages  will  shortly  become  universal. 


250 


University  Geological  Survey  of  KansoB. 


Buckets. — Up  to  the  present  time,  practically  all  the  ore 
and  waste  removed  from  the  pits  has  been  accomplished  by 
means  of  tubs  or  buckets.  Two  general  types  are  employed, 
namely,  the  wooden  barrel  and  the  iron  bucket. 

The  wooden  barrels  or  tubs  are  generally  made  from  kero- 
sene or  lubricating  oil  barrels,  which  are  cut  in  two  a  short 
distance  above  the  middle,  the  larger  part  being  used  for  the 
tub.     Figure  41. 


F^K.  -il*    Method  of  dumpinfir  ore  bucket. 


Iron  straps,  as  B,  extend  from  the  bail,  7,  around  the  bottom 
of  the  tub,  to  strengthen  it  and  bear  the  weight  of  the  load ; 
the  barrel  acting  principally  as  a  receptacle.  The  bail,  /,  is 
fastened  to  the  upper  extremities  of  the  arms  of  the  U-shaped 
strap,  B.  The  strap,  B,  is  bolted  to  the  tub,  and  where  it 
crosses  the  bottom,  and  exactly  in  the  center  of  the  bottom, 
is  formed  into  a  loop,  C  The  tub  is  rebound  with  heavy 
bands  of  iron,  and  is  made  as  substantial  as  possible.  A 
loop,  K,  is  made  in  the  bail  to  receive  the  hook  fastened  to 
the  hoisting  cable  or  rope.  The  iron  buckets  are  generally 
made  of  i  or  ^^  ^^^^^  sheet  iron  or  steel,  and  are  riveted  to- 
gether with  i  inch  iron  rivets.  There  are  a  great  many  forms 
in  use,  differing  but  slightly  in  shape  and  capacity.  Only  a 
few  of  those  in  most  common  use  will  be  described. 
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One  of  the  more  commoa  forms  is  shown  la  figure  40. 
The  hooks,  A,  are  bolted  to  the  side  of  the  bucket  and  sup- 
port the  bail.  A  one-half  inch  band  of  iron,  B,  holds  the 
bottom  in  shape,  and  forms  a  support  for  the  hinge  to  rest 
upOD.  The  bottom,  C,  has  the  axle,  D,  fastened  to  it  by  the 
strips,  E.  The  ends  of  the  axle  pass  through  the  sides  of  the 
bucket  and  rest  upon  the  band,  B.  The  axle  is  placed  to  one 
side  of  the  bottom,  C,  so  that,  when  it  is  free  to  fall,  it  will 
hang  vertically.  The  strap,  F,  extends  just  to  the  edge  of  the 
bottom,  and  is  fastened  to  the  same  to  protect  it  from  be- 
ing torn  by  the  latch,  H.  The  latch  is  made  of  steel  and  is 
riveted  to  the  bucket  at  the  upper  end.  It  is  surrounded  by 
a  loop,  K,  in  the  band,  B,  which  protects  it  and  allows  it  to  be 
drawn  out,  thus  freeing  the  bottom,  C.  The  height  of  this 
form  of  bucket  is  4i  feet,  while  the  diameter  is  thirty-two 
inches. 


Tk     '^M 


VIk,  40,    Bottom  dnmpliw  Di 
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Another  form,  as  shown  in  /,  ^,  S^  and  4,  figure  89,  is  built 
of  the  same  grade  of  material  as  the  one  above  described. 
This  bucket,  as  shown  in  the  cut,  has  a  valve  in  the  bottom, 
and  when  so  provided  is  intended  for  a  water  bucket ;  when 
the  bottom  is  solid,  it  is  used  only  for  hoisting  mineral. 

The  bail,  A,  is  fastened  at  the  points,  (7,  to  the  strap  ex- 
tending from  the  bottom,  a  trifle  over  half  way  up  the  side. 
A  band,  B,  is  riveted  to  the  top  of  the  bucket,  which  is  in- 
tended to  maintain  the  shape  of  the  same.  The  points  of 
support,  C,  are  placed  just  above  the  center  of  gravity  of  the 
empty  bucket,  so  that  the  bucket  when  empty  maintains  an 
upright  position.  The  center  of  gravity  of  the  bucket,  when 
loaded,  is  above  the  points,  C,  thus  causing  the  load  to  be 
in  unstable  equilibrium.  The  latch  or  trip,  a,  as  seen  in  1 
and  ^,  holds  the  bucket  upright ;  when  drawn  back  the  bucket 
reverses  its  position. 

The  valve  as  seen  from  the  bottom  is  shown  in  ^,  and  the 
cross  section  of  the  same  in  3.  The  rubber  washer  used  in 
the  valve  is  shown  in  plan  and  section  in  i  and  in  section  on 
the  valve  in  3.  The  valve  is  a  foot  in  diameter,  the  washer 
being  of  the  same  size.  The  height  of  the  valve  base  is  6i 
inches,  and  slopes  up  from  the  width  of  the  bottom  of  the 
bucket  (two  and  one-half  feet)  to  a  foot  at  the  top  of  the 
valve.  It  is  made  of  cast  iron,  and  is  riveted  to  the  bottom 
of  the  sides  of  the  bucket  and  forms  a  bottom  for  the  8ame. 
The  height  of  the  bucket  is  4  feet.  The  play  of  the  cap  is 
about  two  inches.  The  valve  base  is  made  of  cast  iron  to 
give  it  weight,  so  that  the  bucket  will  not  turn  over  when  it 
strikes  the  water,  and  made  sloping  from  the  center  outward, 
in  order  that  grit  and  sand  will  fall  away  from  the  valve  seat 
and  not  prevent  its  closing.  The  valve  casting  rests  upon  the 
two  ends  of  the  bail  holder,  C,  which  are  turned  at  right  angles 
for  that  purpose. 

Iron  buckets  are  often  made  bulging  at  the  middle,  so  that 
if  the  side  of  the  shaft  should  be  struck  while  hoisting  the 
buckets  would  not  catch,  as  would  one  with  straight  sides. 
Such  buckets,  however,  require  larger  shafts  to  operate  in 
and  are  more  bunglesonie  than  the  straight-sided  forms. 

Ropes. — Iron  and  steel  and  fiber  ropes  are  used  for  hoist- 
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lug  and  hauling  purposes.  Fiber  ropes  are,  however,  in 
more  general  use.  Iron  and  steel  wire  ropes  or  cables  are 
largely  used  on  steam  hoisters  and  are  generally  taking  the 
place  of  fiber  ropes. 


Fix.  S».    Soniaut 


The  size  of  fiber  rope  used  on  horse  hoists  is  one  and  one- 
eighth  inches ;  on  steam  hoist,  one  and  one-fourth  inches. 
Manila  rope  is  the  kind  preferred. 

Iron  or  steel  wire  ropes  vary  from  one-half  to  three-fourths 
of  an  inch.  Fiber  rope  is  used  in  preference  to  iron  for  the 
reason  that  acid  waters  destroy  the  iron  very  rapidly,  unless 
protected,  while  fiber  rope  is  not  so  subject  to  the  deteriorating 
action  and  lasts  considerably  longer,  although  it,  too,  is  af- 
fected in  time.  Iron  and  steel  ropes  are  usually  coated  with 
tar  and  lime,  which  is  thoroughly  rubbed  in,  thus  keeping 
(he  acid  water  from  the  inside.     The  action  upon  the  parts 
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exposed  on  the  surface  is  slight,  as  it  is  exposed  to  the  light 
and  air  and  is  also  being  constantly  rubbed  by  its  passage 
through  the  hoister's  leather  mit  while  hoisting.  The  life  of 
a  cable  is,  by  the  use  of  preservatives,  often  doubled  and 
trebled. 

Dumping  Machinery. — Dumping  machinery  proper  is  con- 
fined to  buckets,  dumping  boards,  and  cars. 

New  systems  of  automatic  dumping  may  be  introduced 
with  deep  mining — that  is,  when  cages  and  cars  are  em- 
ployed— but  as  long  as  buckets  are  used  no  great  change  from 
the  present  methods  may  be  looked  for,  as  those  now  in  com- 
mon use  are  easily  operated. 

The  act  of  dumping,  when  buckets  are  employed,  is  per- 
formed wholly  by  means  of  the  bucket  and  a  combination  of 
ropes ;  the  dumping  board  simply  guides  the  dumped  ma- 
terial in  the  proper  direction.  Several  of  the  more  common 
methods  of  dumping  by  bucket  are  as  follows :  In  i,  figure 
41,  is  shown  a  tub  or  bucket  filled  and  hoisted  to  the  top  by 
the  rope  E.  The  broken  lines  represent  the  rope  F,  which 
bears  the  hook,  H,  before  it  is  fastened  to  the  loop,  C,  at  the 
bottom  of  the  tub.  The  solid  lines  show  the  rope  F  when 
hooked,  preparatory  to  dumping,  wh^ch  operation  is  per- 
formed by  the  bolster.  On  reversing  the  drum,  the  rope  E 
lengthens,  while  the  rope  F  remains  of  the  same  length. 
The  result  is  the  reversing  of  the  ends  of  the  tub,  as  seen  in 
^.  After  dumping  the  hoisting  drum  is  again  reversed  (in 
this  instance  set  to  rotating  in  the  same  direction  as  when 
hoisting) ,  thus  shortening  the  rope  E,  which  rights  the  tub. 
The  rope  i^is  then  unhooked  from  the  bottom  of  the  tub, 
whereupon  the  tub  is  free  to  descend  to  the  pit. 

Another  form  of  bucket  dump  is  shown  in  figure  39.  In 
this  case  the  latch  or  trip,  a,  is  pushed  back  (to  the  left)  ; 
the  same  push  starting  the  bucket  to  dump,  which  is  done 
automatically,  by  gravity.  (See  description  of  the  bucket.) 
When  emptied,  the  lower  part  being  the  heavier,  the  bucket 
will  right  itself,  and,  in  so  doing,  will  set  the  latch  when  the 
bucket  has  assumed  an  upright  position. 

Still  another  form  of  self-dumping  bucket  is  shown  in 
figure  40.     When  the  bucket  reaches  a  position  for  damping, 
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the  latch  or  trip,  H,  is  pulled  out  (to  the  left),  by  means  of 
a  hooky  which  the  operator  holds  in  his  hand.  As  soon  as 
the  latch  is  drawn  back  the  bottom  falls,  thus  emptying  the 
bucket  through  the  bottom. 


cnusMCiql 
ROOM 


Vkg,  42.    Dumping  board  at  mouth  of  shaft.    Used  with 

bucket  dumpins:. 

One  advantage  of  this  form  over  the  other  mentioned  is 
that  the  bucket  always  remains  in  an  upright  position,  but  with 
large  boulders,  as  are  often  sent  to  the  surface  in  the  buckets, 
it  is  not  as  good  as  the  other  forms.  Boulders  often  clog  in 
or  break  and  deform  the  bottom  of  the  bucket,  thus  causing 
delay  in  removing  and  sometimes  causing  extensive  repairs 
to  be  made. 

A  dumping  board  acts  as  a  shield  for  the  shaft,  and  also 
guides  the  material  dumped  upon  it  into  the  crusher  room. 
The  construction  and  working  of  a  dumping  board  are  shown 
in  figure  42.  While  hoisting,  .^  fi,  which  is  hinged  at  G,  rests 
against  the  supporting  prop,!);  when  the  bucket  has  been 
raised  above  the  board,  AB,  it  is  swung  over  and  assumes 
the  new  position,  BE;  the  bucket  is  then  dumped  and  the 
dirt  slides  from  the  platform,  BE,  over  its  prolongation,  BC — 
AB  and  BC  forming  a  continuous  inclined  plane.  After 
dumping,  the  bucket  is  raised,  fiJ?  thrown  back  into  its  former 
position,  AB,  and  the  bucket  is  again  ready  to  be  lowered. 

Cars. — The  cars  employed  in  transferring  the  ore,  both 
above  and  below  ground,  but  especially  above  ground,  con- 
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gist  simply  of  platforms  upon  wheels.  No  sides  are  needed, 
as  the  cars  are  designed  simply  to  carry  buckets  or  tubs, 
which  contain  the  ore.  When,  however,  the  shaft  is  quite  a 
distance  from  the  mill  and  time  would  be  wasted  in  hauling 
single  tubfuls,  cars  holding  1600  pounds  or  more  are  em- 
ployed. Cars  are  used  in  the  pit,  however,  only  when 
cages  are  employed  in  the  shaft  or  when  the  car  can  be  lifted 
bodily  and  transferred  to  the  mill,  as  previously  described. 


:L(S\_              /f^l 

•^ 

■J/                 % 
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= 

1    .                     .     1 

The  ordinary  bucket  platform  car  ie  constructed  as  follows  : 
Bed  blanks,  notched  to  hold  the  axles,  are  cut  to  pattern; 
crosspieces  are  then  fastened  to  these  by  bolts,  four  of  which 
pass  through  the  axles ;  finally  planks  are  laid  on  parallel  to 
the  bed  planks,  the  whole  forming  a  platform  three  feet  ten 
inches  wide  by  (our  to  five  feet  long.  Figure  44.  The  axles 
are  made  of  one  and  one-quarter  inch  square  stock  iron,  and 
are  placed  two  feet  eight  inches  apart.  The  wheels  are  gen- 
erally seven  inches  in  diameter,  or,  with  the  flanges,  ten 
inches.  The  measurements  given  above  are  for  tramway 
cars.  The  axles  of  pit  cars  are  placed  ten  inches  apart  and 
are  of  the  same  size  stock  as  the  axles  of  the  larger  cars.    All 
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parts  of  the  cars  are  cut  to  pattern,  so  that  they  will  fit  per- 
fectly, and  thus  save  time  in  setting  up.  A  slightly  different 
form  of  pit  car  is  shown  at  3,  figure  45.  Surface  tramway 
cars  designed  for  rather  long  distance  hauling,  and  con- 
sequently for  heavy  loads,  are  constructed  as  follows :  Two 
sets  of  timbers  consisting  of  two  4x  4  or  4x  6  inch  oak  planks 
are  used  for  bed  pieces.  The  axles  are  fastened  to  these,  an 
axle  to  a  set,  and  are  cross  pinned  or  bolted  to  the  bed  pieces 
to  hold  them  in  place.  The  bed  pieces  are  now  placed  end  to 
end  and  fastened  together  by  two  heavy  wrought  iron  hinges. 
This  arrangement  holds  the  wheels,  when  the  bed  pieces 
are  horizontal  and  therefore  lie  in  the  same  plane,  about 
eighteen  inches  apart.  A  bed  of  plank  is  then  put  together 
and  fimly  bound  by  means  of  straps  of  iron  two  inches  wide 
by  one-half  inch  thick.  The  sides  consist  of  2  x  10  inch  oak 
plank,  the  lower  ones  standing  vertically,  while  the  top  ones 
flare  out,  increasing  the  width  of  the  bed  from  two  feet  five 
inches  at  the  bottom  of  this  plank  to  three  and  one-half  feet 
at  the  top.  One  end  of  the  car  is  left  open  and  is  provided 
with  a  door  which  is  hinged  at  the  top.  This  door  is  held 
in  place  by  a  catch  operated  by  a  lever.  The  body  of  the  car 
is  placed  upon  the  bed  timber,  but  is  bolted  to  only  one  set, 
the  set  next  the  end  gate.  An  examination  of  1  and  2,  figure 
45,  shows  both  the  method  of  construction  and  of  dumping. 
A  slight  pull  on  the  back  end  of  the  car,  the  lever  being  pushed 
to  one  side,  causes  it  to  dump,  the  door  or  grate  being  freed 
by  the  lever ;   thus  the  car  is  emptied  of  its  contents. 

Another  form  of  dumping  hand  car  often  used  in  the  jig 
room  to  handle  concentrates  is  shown  in  ^,  figure  45.  The 
construction  and  working  of  the  same  are  shown  in  the  figure 
referred  to  above. 

SIZINO   APPARATUS. 

Chutes  and  Screens. — There  are  three  forms  of  screens 
employed  in  the  sizing  of  ores,  namely  :  Parallel  or  bar  screens, 
commonly  called  grizzlies ;  shaking  screens,  or  riddles  ;  and 
revolving  screens  (drums  or  trommels).  Of  these,  the  first 
and  last  given  are  the  forms  in  most  common  use. 

Parallel  bar  screens  were  formerly  rarely  used  in  connection 
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with  the  larger  mills,  being  one  of  the  essentials  of  a  hand- 
jigging  plant,  but  are  gradually  coming  into  more  general 
use,  and  are  being  introduced  into  the  large  concentrating 
works.     Figure  2,  plate  XLII. 

Chutes. — Chutes  contain  the  bar  screens  or  grizzlies,  and 
are  seldom  more  than  ten  to  twelve  feet  long,  and  support 
the  bars  at  an  angle  of  about  forty-fiye  degrees  with  the  tram- 
way, with  which  they  are  connected.  In  figure  37,  a  tram- 
way, Af  and  chute,  J?,  are  shown.  The  steep  inclination  is 
given  to  insure  the  complete  passage  of  the  oversize  material 
through  the  chute,  as  the  material  screened  is  often  wet  and 
argillaceous,  and  therefore  very  apt  to  clog.  However,  siz- 
ing becomes  more  and  more  imperfect  as  the  inclination  of 
the  screen  surface  increases  in  steepness. 

The  chute  consists  of  two  side  planks,  generally  2x12  inch 
oak.  The  upper  one-third  and  occasionally  a  foot  of  the 
lower  end  of  the  floor  of  the  chute  is  also  lined  with  oak  plank. 
In  some  cases  the  middle  one-half  of  the  floor  of  the  chute  is 
barred.  The  chute  is  usually  two  and  one-half  to  three  feet 
wide.  At  the  top  a  cross  timber  is  placed  and  firmly  sup- 
ported by  the  framework  of  the  chute,  which  is  intended  to 
catch  the  bucket,  when  it  is  dumped  from  the  car,  A",  figure 
37.  This  holds  the  bucket  with  the  opening  or  mouth 
downward,  in  which  position  it  may  be  jolted  to  loosen  any 
dirt  or  boulders  that  may  adhere  to  or  clog  in  it.  When 
emptied,  it  is  drawn  back  in  place  upon  the  car  by  hand. 

The  chute  is  supported  at  the  upper  end  through  the  tramway 
timbers,  0,  and  at  the  lower  end  by  two  upright  posts,  Z. 
On  the  shaft  side  of  the  post  Z,  a  partition,  P,  is  built  up  of 
hardwood  board  or  plank,  and  keeps  separate  the  lump  and 
fine  dirt. 

Parallel  Bar  Screens. — The  screen  proper  consists  of  iron 
rods  ranging  from  three-fourths  to  one  inch  in  diameter,  and 
from  four  and  one-half  to  five  feet  in  length.  Figure  46. 
There  are  several  different  ways  of  fastening  the  rods  to  the 
chute  timbers.  The  two  methods  most  commonly  employed 
are  shown  at  1  and  2.  In  i,  one  end  of  a  rod  is  flattened, 
and  has  a  hole  punched  in  it,  which  end  is  bolted  to  the  plank 
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B,  while  the  other  end  of  the  rod  is  clamped  to  the  plank 

C,  which  supports  the  lower  end  of  the  upper  chute  bottom, 

D,  The  rods  are  further  braced  by  the  crosspiece  E,  to  which 
they  are  sometimes  fastened  by  means  of  staple  bolts.  The 
crosspieces,  J3,  C,  and  E,  are  made  fast  to  the  chute  by  bolts 
and  straps  of  iron,  J^,  as  seen  in  1  and  S. 

Another  method  often  employed  is  shown  in  9.  One  end 
of  a  rod  is  bent  at  right  angles  and  set  in  the  cross  plank  A  ; 
the  other  end  is  placed  in  holes  bored  in  the  plank  B.  Any 
pressure  upon  the  bars  or  rods  tends  to  hold  them  more  firmly 
in  place.  Occasionally  no  intermediate  cross  brace  is  em- 
ployed, in  which  case  the  rods  must  be  shorter,  in  order  to 
prevent  sagging  and  spreading.  That  too  much  care  cannot 
be  taken  to  keep  the  bars  straight,  and,  therefore,  parallel,  is 
shown  by  the  large  number  of  much  distorted,  and  conse- 
quently useless,  screens  seen  in  the  district. 
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Vlg.  46.    Construction  of  grizzly  screens. 
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The  space  between  the  bars  varies  somewhat  with  the  char- 
acter of  the  material  sized  ;  the  usual  range  in  width  is,  how- 
ever, from  three-fourths  to  one  and  one-half  inches. 

Parallel  bar  screens  are  occasionally  used  in  mills,  and  are 
placed  at  the  end  of  the  tramway  leading  from  the  shaft. 
They  are  intended  to  separate  the  large  lumps  or  boulders, 
which  have  to  be  broken  by  sledge,  from  the  finer  and  more 
millable  dirt.  They  do  not,  however,  differ  essentially  in 
structure  from  the  forms  already  described. 

SJiaking  Screens. — Shaking  screens,  or  riddles,  are  seldom 
used  in  the  ordinary  milling  processes.  They  are,  however, 
nearly  always  employed  in  the  slime  mills,  where  finer  ma- 
terial is  treated,  as  there  are  certain  grades  which  can  be 
handled  to  better  advantage  by  this  form  of  screen.  In  j9, 
figure  47,  is  shown  a  common  form  of  shaking  screen.  The 
screen  proper,  AB,  consists  of  a  trough  with  sides  6  inches 
high.  The  bottom  is  wire  cloth  or  perforated  metal,  sup- 
ported by  slats  running  across  transversely  beneath  the 
screen.  The  upper  end,  A^  where  the  material  to  be  treated 
is  fed  to  the  screen,  is  made  tapering  or  V-shaped,  narrowing 
down  from  three  and  one-half  feet  at  the  upper  end  of  screen 
to  less  than  a  foot  at  the  point  of  feeding.  The  bottom  of  the 
feed  end  rises  by  steps  from  C  to  Z).  The  screen  is  supported 
by  the  rods,  E  and  F,  which  are  hooked  into  eye  bolts  fastened 
into  timbers  above  and  into  the  sides  of  the  screen  frame  be- 
low. Supported  in  this  manner,  the  screen  has  a  vertical  as 
well  as  horizontal  motion,  both  being,  however,  in  the  same 
plane.  A  shaking  motion  is  given  to  the  screen  by  means  of 
the  pitman  fastened  to  the  bottom  at  O  and  to  the  eccentric, 
J,  on  the  shaft,  H,  which  is  driven  by  the  pulley,  K.  The 
box,  M,  catches  the  coarser  or  oversize  material,  which  is 
shoveled  into  a  gravity  trough  or  launder,  by  which  it  is 
borne  to  some  other  part  of  the  mill  for  further  treatment. 

The  fore  or  feed  end  of  the  screen  is  often  of  finer  mesh 
than  the  rear  or  discharge  end,  B.  These  screens  are  of  va- 
rious sizes ;  the  particular  size  that  is  used  depends,  however, 
upon  the  amount  of  room  allowed  for  the  same,  also  the  ca- 
pacity of  the  mill. 
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In  all  forms  of  screens  used  in  this  district  a  large  amount 
of  water  is  employed  la  carrying  the  material  through  the 
screens  and  in  keeping  them  from  clogging. 

Bevolving  Screens. —  Perforated  sheets  of  iron  and  also  wire 
ficreeas  are  formed  into  cylindrical  or  truocated,  conical 
screens  and  fitted  to  frames  or  spiders,  which  in  turn  are 
faatened  to  a  shaft,  by  means  of  which  the  screen  Is  rotated. 
Side  and  end  views  of  such  a  screen  are  shown  in  figure  48. 

The  holes  in  the  perforated  screens  are  from  three-sixteenths 
to  five-eighths  inch  (for  regular  milt  work  the  range  is  from 
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three-eighths  to  five-eighths  inch)  in  diameter,  and  are  en- 
larged or  countersunk  on  the  outside  when  punched.  The 
countersinking  or  enlargement  of  the  holes  on  the  outside 
( so  formed  by  the  taper  of  the  punch )  is  done  to  prevent 
the  material  screened  from  catching  in  and  clogging  or 
blinding  the  holes.  If  a  particle  can  pass  through  the  first 
part  of  such  a  hole,  the  hole  becoming  larger  will  allow  it 
to  pass  readily  through  the  remaining  portion  ;  otherwise  it 
will  catch  and  clog  the  screen.  The  holes  are  countersunk 
to  within  about  one-thirty-second  inch  of  the  inner  side, 
and  are  made  about  one  thirty-second  inch  wider  on  the  out- 
side. The  mesh  of  the  wire  screen  varies  from  two  to  twelve 
to  the  inch. 

As  seen  in  7,  figures  47  and  48,  the  screen  is  bolted  or 
bound  by  strap  irons  to  hoops,  which  in  turn  are  fastened  to 
spiders,  which  consist  of  cast-iron  hubs  and  wrought-iron 
spokes,  or  the  spiders  may  be  wholly  cast  iron.  The  spiders 
are  keyed  to  the  driving  shaft.  The  screen  is  then  set  in  a 
framework  which  supports  the  shaft  by  a  boxing  at  either 
end,  and  the  whole  is  occasionally  housed  in  by  wood  or  iron 
coverings.  Fastened  to  the  lower  side  of  the  framework,  AB^ 
is  attached  a  hopper-shaped  spout,  CD,  to  which  is  connected 
the  launder,  which  bears  the  undersize  material  to  the  jig, 
or  some  other  form  of  concentrating  apparatus.  The  over- 
size material  is  caught  by  another  hopper  and  conducted  to 
some  other  form  of  reducing  apparatus. 

The  screen  is  usually  made  thirty-seven  inches  in  diameter 
by  seventy-two  inches  long.  In  the  truncated  form,  the  pitch 
is  about  four  inches  to  the  seventy-two  inches  in  length,  thus 
making  the  diameter  of  the  larger  end  eight  inches  greater 
than  that  of  the  smaller,  with  conical  drums  or  trommels ; 
when  the  bearing  is  level  the  screening  surface  of  conical 
trommels  slopes  from  the  feed  to  the  discharge  end,  but  with 
cylindrical  trommels  the  shaft  must  be  given  whatever  in- 
clination it  is  desired  to  give  the  screen  surface.  The  driv- 
ing pulley  is  four  inches  wide  and  has  a  diameter  of  about 
three  feet.  Wire  screens  are  probably  not  used  as  much  as 
the  perforated  metal  screens  for  trommel  coveringSi  but  both 
are  in  common  use. 
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A  departure  from  the  ordinary  method  of  constructing  ro- 
tary screens  in  this  district  is  seen  in  1,  figure  47.  Occasion- 
ally two  cylindrical  screens  are  combined,  forming  what  is 
known  as  a  jacketed  screen.  The  one  with  the  larger  mesh 
or  perforation  has  a  diameter  somewhat  less  than  the  outer 
or  finer-meshed  screen.  The  diameter  of  the  outer  is  gener- 
ally four  feet ;  that  of  the  inner,  three  feet.  These  screens  are 
fastened  together  as  shown  in  the  cut.  This  form  of  screen 
is  very  efficient,  but  is  hard  to  get  at  when  repairs  are  neces- 
sary. As  many  jackets  may  be  employed  as  desired,  but  sel- 
dom more  than  two  are  used  in  this  district. 

ORB  BREAKERS  OR  CRUSHERS. 

The  reduction  of  ore  to  any  desired  size  is  a  difficult  task, 
especially  with  certain  gangues  and  country  rock. 

The  method  of  application  of  the  power  of  the  crusher  must 
vary  somewhat  with  the  character  of  material  crushed.  With 
hard  rock,  as  flint,  which  is  very  brittle,  the  breaking  force 
must  be  applied  by  a  sudden  pressure,  while  the  softer  ma- 
terials may  be  disintegrated  by  a  more  gradual  pressure,  or 
by  grinding  and  impact. 

The  Blake  Crusher. — The  Blake  crusher  is  the  form  uni- 
versally used,  and  is  especially  applicable  in  treating  the 
flints  of  this  district,  as  the  crushing  surface  is  small  and 
easily  replaced,  thus  reducing  not  only  the  wear  of  the  parts 
but  also  the  expense  in  changing.  The  power  is  applied  to 
the  hinged  jaw,  which  is  actuated  by  a  combination  of  an 
eccentric  movement  and  elbow  or  toggle  joint. 

Figure  49  shows  a  longitudinal  section,  through  the  work- 
ing parts,  of  a  Blake  type  of  crusher,  and  a  top  view,  or  plan. 

The  shaft.  A,  is  mounted  in  bearings  on  the  frame,  B,  at  C 
and  D.  An  eccentric,  E,  is  keyed  to  the  shaft,  A.  It  is  en- 
closed by  an  elongated  casting,  F,  which,  when  E  is  rotated, 
is  given  an  up  and  down  movement.  In  the  lower  end  and 
on  the  two  sides  (front  and  back)  of  F,  are  toggle  seats,  G, 
into  which  the  toggles,  Hy  fit.  Different  views  of  the  toggles 
and  toggle  seats  are  shown  in  o,  figure  65.  In  the  back 
part  of  the  crusher  frame  are  two  movable  pieces,  I  and  J, 
which  constitute  the  tightening  appliance.     By  turning  the 
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hand  nut,  K,  the  block,  J,  is  raised,  which  forces  out  the  tog- 
gle seat,  /. 

A  heavy  casting,  X,  furnished  with  a  movable  plate,  M,  is 
supported  by  and  hangs  upon  the  shaft,  N.  The  toggle  seat, 
0,  is  set  into  the  lower  back  side,  and  a  few  inches  below  it 
is  attached  an  eye  bolt,  R.  From  the  eye  bolt  a  long  rod,  5, 
runs  backward,  passing  through  a  heavy  helical  spring,  Q. 
By  tightening  the  nut,  P,  the  jaw,  L,  is  forced  back  upon  the 
toggles,  which  are  thus  securely  set  and  held  in  their  seats. 
When  the  casting,  F,  is  raised  by  the  eccentric,  the  inner  ends 
of  the  toggles,  H,  are  raised  and  approach  parallelism,  but  as 
the  seat,  /,  is  set  in  the  frame  of  the  crusher,  it  is  stationary 
and  cannot  move,  so  that  the  jaw,  £,  will  be  forced  forward. 
When  the  bumper,  F,  falls,  after  a  semirevolution  of  the  shaft, 
Af  the  spring,  Q,  draws  back  the  jaw,  L.  The  toggles  are  thus 
held  tightly  in  their  seats,  and  the  jaw,  L,  is  given  an  oscil- 
lating movement,  the  rapidity  of  which  is  regulated  by  the 
movement  of  bumper,  F,  and  that  in  turn  by  the  rotation  of 
the  shaft,  A, 

A  movable  jaw  piece,  T,  fits  into  the  front  of  the  crusher 
frame,  while  on  either  side  of  the  same  and  resting  against 
the  sides  of  the  crusher  frame,  in  specially  formed  seats,  are 
cast-iron  plates,  U,  which  are  fastened  by  bolts,  F.  The  heavy 
stationary  jaw  piece,  T,  with  the  two  lighter  hand  plates,  U, 
and  the  plate,  M,  on  the  movable  jaw,  L,  form  a  hopper  into 
which  the  material  to  be  crushed  is  thrown.  The  movable 
jaw,  L,  with  its  plate,  M,  works  between  the  hand  plates,  C7, 
which  protect  the  sides  of  the  crusher  frame  from  wear  and 
are  readily  removed  when  worn  or  broken.  In  figure  65,  i, 
and  ^  show  two  different  forms  of  hand  plates. 

The  space  between  the  fixed  jaw,  7,  and  the  plate,  M,  in 
the  movable  jaw,  L,  is  varied  by  the  tightener,  J.  The  stroke 
given  by  this  crusher  is  comparatively  short,  but  quick  and 
powerful. 

The  maximum  size  of  material  that  can  be  fed  to  this  form 
of  crusher  is  that  which  can  fall  sufficiently  far  down  be- 
tween the  jaws  of  the  crusher  to  be  caught  by  them  and  so 
reduced.     The  maximum    and   minimum   sizes   of  crushed 
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material  are  those  which  fall  between  the  jaws  when  the 
toggle  plates  form  the  smallest  and  largest  angles  with  each 
other,  and  range  from  one-half  inch  up  to  one  and  one-half 
and  two  inches. 

The  heads  of  the  casings,  J^  and  L,  are  hollow  and  have 
babbitted  bearings  on  one  side  only,  i.  «.,  that  side  on  which 
the  pressure  is  applied,  which  is  the  upper  side. 

The  heavy  balance  wheels,  X  and  Y,  are  fastened  to  the 
shaft.  A,  OQ  either  side  of  the  crusher  frame,  and  maintaio  a 
uniform  motion  by  the  energy  thus  stored  up.     A  pulley,  W, 
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connected  with  the  main  line  shaft,  drives  the  crusher.  Oc- 
casionally there  are  two  drive  pulleys,  one  on  either  side, 
thus  requiring  two  drive  belts. 

The  crusher  frame  is  bolted  to  an  elevated  framework  or 
foundation,  described  under  ''Mine  Buildings."  The  floor  of 
the  crusher  room  is  on  a  level  with  the  top,  Z,  of  the  crusher 
frame,  so  that  the  ore  can  be  shoveled  or  pushed  directly  into 
the  hopper. 

Most  mills  have  but  one  crusher,  yet  some  of  the  larger 
mills,  constructed  recently,  have  two  crushers,  and  are  thus 
prepared  to  run  on  double  capacity.  Occasionally  mills 
which  are  built  for  double  capacity  have  double  or  duplex 
crushers,  i.  6.,  one  frame  contains  the  working  parts  of  two 
crushers.  The  one  driving  shaft  supports  both  eccentrics, 
which  are  set  diametrically  opposite  each  other.  This  ar- 
rangement distributes  the  pressure  more  evenly  upon  the 
shaft  and  prevents  the  jerking  motion  usually  given  by  ec- 
centrics. Jets  of  water  are  kept  running  over  the  eccentric 
bearings  to  prevent  them  from  becoming  too  hot,  and  a  jet  is 
also  run  into  the  hopper  to  assist  in  carrying  the  crushed  and 
undersize  material  through,  and  so  not  interfere  with  the 
working  of  the  crusher. 

The  material  when  crushed  passes  downward  through  a 
gravity  spout  or  launder  to  the  first  set  of  rolls.    Plate  LII. 

Rolls. — The  material  to  be  crushed,  after  having  passed 
the  crusher,  enters  the  first  set  of  rolls.  Rolls  are  the  finish- 
ing machines  in  the  reduction  process  of  this  district,  and 
there  are  from  two  to  four  sets  to  a  mill. 

The  roll  is  a  very  simple  and  effective  machine  for  handling 
the  partly  reduced  ore  from  the  crusher,  and  with  a  suflBcient 
number,  through  which  the  material  may  pass  in  order,  a 
fairly  fine  product  may  be  obtained. 

A  side  view  and  plan  of  the  rolls  in  common  use  in  this 
district  are  shown  in  figure  50.  A  roll  consists  of  a  frame- 
work, A,  which  supports  a  shaft,  B,  upon  which  is  keyed  a 
small  cog  wheel  or  pinion,  C,  a  pulley,  2),  and  a  balance  wheel, 
E.  Two  long  base  castings,  G,  are  bolted  to  the  frame,  A^  to 
which  castings  or  base  pieces  are  fastened  all  the  working 
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parts  of  the  rolls.  The  beariogs  for  the  roll  shafts  are  set 
upon  these  base  castings,  and  upon  the  bearings,  supported 
at  either  end,  is  placed  another  casting  or  top  piece,  F, 
which  holds  them  together  and  provides  a  support  for  the 
hopper,  S.  Between  these  castings,  F  and  Q, !«  fastened  a 
block  of  iron,  J,  provided  with  an  opening  through  which 
the  hand  bolt,  K,  extends.  A  thin  casting,  3,  figure  62, 
grooved  at  the  top  and  bottom,  slides  between  the  two  oast* 
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ings,  F  and  G.  This  plate  has  a  receptacle,  0,  for  the  hel- 
ical spring,  L,  and  is  also  provided  with  a  threaded  hole 
through  which  the  hand  bolt,  K,  passes  and  engages  with 
the  threads.  The  boxing,  Jlf,  has  a  corresponding  receptacle 
or  seat  for  the  other  end  of  the  spring.  The  arrangement  of 
boxing,  spring  and  hand  screw  is  shown  in  figures  50  and  52. 
Cylinders  of  car-bumper  rubber  are  occasionally  used  in  place 
of  the  helical  springs. 

On  the  shaft  of  the  front  roller,  N,  is  keyed  a  large  spur 
wheel,  P,  which  is  driven  by  the  small  pinion  or  cog  wheel, 
C.  This  is  to  allow  a  high  speed  to  be  given  to  the  shaft,  B, 
which  is,  by  this  gearing  down,  reduced  to  a  relatively  slow 
speed  for  the  rollers.  The  front  roller  is  provided  with  flanges 
on  both  ends,  while  the  back  or  rear  roller  has  none.  See 
figures  60  and  51.  This  is  to  hold  the  material  crushed  be- 
tween the  rollers  and  the  rollers  themselves  in  the  same  rela- 
tive position. 

The  degree  of  fineness  of  the  material  crushed  is  regulated 
by  the  tension  given  to  the  spring,  L,  all  other  conditions 
being  constant. 

A  hopper  is  bolted  to  the  supporting  castings,  Q.  It  is 
made  of  cast  iron,  and  is  provided  with  plates,  Z,  bolted  to 
the  sides  to  protect  it  from  wear,  and  to  prolong  the  sides  of 
the  hopper  down  between  the  rollers  (3y  figure  65) .  A  trough^ 
TT,  catches  the  crushed  material  and  conducts  it  on  its  way 
to  some  other  apparatus  in  the  mill.  Another  trough,  Uy 
bears  the  feed  material  to  the  roll. 

When  coarse  material  is  to  be  crushed,  star  wheels  (4,  fig- 
ure 52) ,  or  misshapen  cog  wheels,  are  put  on  the  roller  shafts^ 
X  and  F,  figure  51.  These  star  wheels  are  to  keep  both 
rollers  going  at  the  same  speed,  and  to  allow  for  a  certain 
amount  of  lateral  movement  between  them.  They  are  made 
as  large  and  heavy  as  is  consistent  with  their  strength  and 
durability  to  insure  against  breaking,  which  would  be  of  fre- 
quent occurrence  if  the  cogs  were  small.  These  wheels  are 
seldom  used  except  on  the  first  set  of  rolls,  and  when  the 
breaker  is  set  to  crush  fine  they  are  often  dispensed  with  on 
this  set  also — friction  being  depended  upon  to  drive  the  second 
roller. 
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A  roller  is  made  up  of  three  parts  besides  the  shaft,  namely  : 
The  core,  wedges,  and  shell.  In  i,  figure  51,  is  shown  the 
front  roller,  side  view ;  in  S,  the  back  roller,  also  side  yiew ; 
and  in  ^,  an  end  yiew  of  the  front  roller,  showing  shaft,  core, 
wedges,  and  shell. 


CRKjIt 


^ 
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At  4  is  shown  a  section  of  the  shell  of  the  front  roller,  at  S 
the  end  view  of  the  core,  and  at  ^  a  section  of  the  core.  The 
surface  of  the  core  is  usually  grooved,  so  as  to  present  a  rough 
surface  to  the  wedging.  The  core  is  hollow,  chiefly  to  make 
it  lighter  to  handle ;  also  to  lessen  the  expense.  At  7  are 
shown  the  wedges  and  their  arrangement  as  employed  in 
fastening  the  shell  to  the  core.  They  are  driven  in  place 
dry,  and,  on  becoming  wet,  swell,  when  it  is  impossible  to  re- 
move them  without  breaking  up  the  shells. 

Those  portions  of  the  roller  shafts  lying  between  the  roll- 
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era  and  the  bearings  have  corrugated  castings,  or  sleeves, 
slipped  on  to  prevent  the  sand  and  finely  ground  rock  from 
creeping  into  the  bearings  and  cutting  them.  Besides  these 
corrugated  sleeves,  strips  of  sheet  iron  are  bolted  to  the  cast- 
ings, F,  which  are  cut  to  fit  into  the  corrugations  of  the 
sleeves;  they. stand  perpendicular  to  the  axis  of  the  sleeve, 
and  prevent  any  dirt,  working  along  the  corrugation,  from 
entering  the  bearing. 

The  wear  of  the  rolls  comes  principally  on  the  shells  and 
shafts.  When  coarse  material  is  crushed  in  the  rolls,  they 
usually  wear  along  certain  lines  parallel  with  the  sides,  pro- 
ducing a  corrugated  surface,  which  in  time  will  break  up  into 
rings.  Fine  material  as  a  rule  wears  the  shells  smooth,  but 
if  the  feed  is  not  even  the  wear  will  be  uneven  also,  and  oc- 
curs usually  on  the  edges,  thus  rounding  them  off.  The 
edges  of  the  rolls  will  also  chip,  and  so  become  round,  due  to 
the  pounding  of  the  roll  shells.  Wear  and  breakage  are 
caused  more  by  the  action  of  metal  on  metal  than  on  actual 
abrasion  of  ore  and  metal.  The  wear  of  journals  is  not  as 
great  as  formerly,  as  greater  precautions  are  employed  to  pre- 
vent grit  and  dirt  entering  the  bearings.  They  are  often 
nearly  worn  off,  however,  before  any  wear  whatever  is  de- 
tected, due  to  accumulations  of  dirt  and  grease.  The  jump- 
ing and  wabbling  of  the  rollers  furnish  the  best  evidence  of 
badly  worn  shafts. 

The  bearing  casting  (7,  figure  52)  is  hollow,  to  reduce  its 
weight.  The  brass  half  bearing,  B,  is  set  in  one  side,  and 
receives  the  entire  weight  and  pressure  of  the  shaft.  As  the 
pressure  is  exerted  from  the  inside  outward,  these  brass  bear- 
ings must  be  placed  on  the  outside  of  the  bearings  in  the 
castings,  M  and  M^,  which  arrangement  is  readily  seen  on 
examination  of  figure  50.  The  brass  bearings  are  held  in 
position  by  C  being  bolted  to  D ;  also  by  a  projecting  flange 
of  the  bearing,  B,  which  fits  into  a  hollow  or  recess  in  D. 

Bucking  Boards. — In  connection  with  the  prospect  shafts 
and  small  hand  jig  plants  is  to  be  found  a  crude  piece  of  ap- 
paratus commonly  known  as  a  bucking  board,  the  purpose  of 
which  is  to  break  up  large  masses  of  mineral  and  also  to  re- 
move included  mineral  from  the  accompanying  country  rock. 
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which  is  largely  flint.  It  consists  of  a  plank  box  from  one  to 
one  and  one-half  feet  square  and  from  three  and  one-half  to 
four  feet  high,  which  is  filled  with  broken  stone.  Upon  this 
filling  is  placed  a  square  or  round  piece  of  cast  iron,  several 
inches  thick.  Ore  is  placed  upon  this  and  pounded  with  a 
hammer  or  bucking  sledge  until  it  is  reduced  to  the  proper 
size  or  freed  from  the  adhering  rock  mass.  A  post  or  portion 
of  a  log  may  be  employed,  when  the  piece  of  cast  iron  is 
fastened  to  the  top.  In  all  cases  the  casting  forms  the  bot- 
tom of  a  shallow,  three-sided  box,  the  sides  of  which  are 
built  up  out  of  light  boards  or  better  plank.  This  method  of 
reducing  the  ore  to  jig  size,  and  freeing  it  from  foreign  ma- 
terial, resembles  the  method  of  ''cobbing,"  common  to  many 
mining  districts  in  the  eastern  countries,  and  also  resembles 
somewhat  the  bucking  board  of  the  assayer. 

ORB   CONCENTRATING   MACHINERY. 

Concentration  of  the  lead  and  zinc  ores  is  effected,  in  the 
district,  by  a  few  typical  and  well  known  forms  of  apparatus, 
which  (in  the  order  of  their  importance)  are  as  follows  :  Jigs ; 
classifiers,  as  the  spitz  kasten  and  lutten  ;  power  and  hand  bud- 
dies ;  tables,  the  Wilfley  being  the  only  form  of  shaking  table 
used  ;  and  the  round  table,  which  has  not  as  yet  been  given 
a  fair  trial.  In  the  regular  concentrating  mills,  the  great 
bulk  of  the  work  is  done  almost  entirely  by  power  jigs ; 
connected  with  which,  and  as  adjuncts  to  them,  are  the  slime 
and  sand  classifiers.  The  remaining  forms,  mentioned  above, 
are  seldom  employed  in  theregular  concentrating  mills,  but 
are  used  largely  in  the  so-called  ''sludge"  mills,  which  treat 
the  waste  products  from  the  other  mills. 

Jigs. — There  are  two  forms  of  jigs  used  in  this  district, 
namely,  the  hand  and  steam  or  power  jigs. 

The  Hand  Jig. — The  hand  jig  is  the  form  used  when  a  new 
mining  district  is  opened,  and  is  a  prospector's  apparatus  for 
cleaning  up  small  quantities  of  ore  obtained  in  his  prospect- 
ing operations ;  it  is  also  used  before  definite  information 
regarding  the  extent  and  value  of  a  deposit  has  been  obtained. 
See  figures  53,  54,.  and  plate  XLII,  figure  1. 

It  cannot,  however,  be  restricted  to  these  operations  alone. 
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as  it  is  almost  uDiTersally  emplojed  by  the  small  mine  owners, 
and  when  properly  handled  is  a  very  useful  and  efiBcient 
machine. 

It  consists  of  a  tank,  A,  well  made  and  securely  bound  by 
plank  and  angle  irons.  Two  uprights  or  posts,  B,  are  bolted 
to  the  middle  of  two  opposite  sides  of  the  tank  and  rise  above 
the  same  some  18  inches  or  2  feet.  They  are  notched  at  the 
upper  end,  so  as  to  form  a  seat  or  bearing  for  the  beam,  C, 
to  which  is  fastened  a  long  lever  or  arm,  D,  braced  by  the 
pieces  as  shown  at  E.  These  braces,  E,  project  beyond  the 
beam,  C,  and  support  by  hinges  a  long  rectangular  frame  or 
box,  F,  which  is  the  jig  cell  proper,  and  has  a  bottom  made 
of  gratings,  the  slots  of  which  run  at  right  angles  to  the  sides 
of  the  box  and  are  secured  by  grooves  and  bolts. 


FlK.  SB.    Plui  of  hand  JEk- 

The  lever,  O,  is  provided  with  a  rod,  H,  formed  into  a  hook 
at  the  outer  end,  which  engages  with  the  eye  bolt,  J,  on  the 
frame,  F.  This  lever,  when  the  hook  and  eye  are  engaged, 
being  drawn  back  and  locked  behind  the  block,  /,  draws  the 
jig  cell,  F,  away  from  the  side,  K,  of  the  tank,  and  so  gives 
ample  room  for  removal  by  shovel  of  the  ore  which  has 
passed  through  the  gratings.  The  gratings  have  one-eighth- 
iuch  spaces  and  are  similar  to  those  used  in  the  power  jigs. 

The  tank  is  filled  by  a  launder,  and  the  height  of  water  in 
it  is  maintained  by  an  overQow,  L,  which  drains  into  a  launder, 
M.    The  plug,  N,  located  at  the  bottom  of  the  tank,  provides 
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a  means  of  completely  draining  the  same.  A  post,  0,  is 
driven  into  the  ground  at  a  point  eighteen  inches  to  two  feet 
of  the  end  of  the  arm,  Z),  and  is  provided  with  a  cleat  or  is 
notched,  so  that  the  arm,  Z),  may  be  pushed  down  and  held 
in  that  position  bj  the  notch  or  cleat.  Bj  this  arrangement 
the  jig  cell  may  be  raised  out  of  the  water.  A  round  stick, 
P,  is  driven  into  a  hole  bored  through  the  end  of  the  arm,  Z), 
and  furnishes  a  double  hand  hold  for  one  facing  the  end  of 
the  arm. 


rig,  5C    Hand  jiff.    Side  view. 

The  method  of  operating  is  as  follows :  The  ore  is  thrown 
into  the  jig  cell,  jP,  while  it  stands  suspended  above  water. 
The  operator  then  lowers  the  cell  by  freeing  the  arm,  Z),  from 
the  catch  on  the  post,  0;  then  taking  a  handle  in  each  hand, 
and  raising  the  arm,  Z),  he  submerges  the  cell  with  its  con- 
tents', and  by  means  of  a  series  of  upward  pushes  and  down- 
ward pulls  the  water  in  the  tank  is  forced  up  through  the 
grating  and  then  back  again,  by  the  alternate  rising  and  fall- 
ing of  the  cell.  The  operator  usually  stands  upon  a  spring 
board,  and  by  slightly  bending  his  knees,  then  suddenly 
straightening  out,  a  spring  is  given  to  the  board  which  is 
imparted  through  the  operator  to  the  lever,  thence  to  the 
screen.  By  these  movements  the  separation  is  accomplished , 
as  will  be  explained  in  greater  detail  later  on. 

Power  Jigs. — The  power  jig  is  for  concentrating  ores  on  a 
large  scale,  and  is  relied  upon  in  this  district  as  the  principal 
means  of  separating  the  ore  from  the  waste  products.  The 
jig  is  found  only  in  those  districts  where  the  extraction  and 
concentration  of  ores  is  a  fairly  stable  and  permanent  business. 
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The  method  of  separation  is  the  same  as  in  the  hand  jig, 
the  process  differing  only  in  the  fact  that  the  screen  is  sta- 
tionarjy  the  water  alone  moving,  which  movement  is  reversed 
in  the  hand  jig  ;  i,  e.,  the  screen  moves  and  the  water  remains 
stationary. 

The  jig  must  be  strongly  built,  as  it  serves  partially  as  a 
tank  holding  a  large  quantity  of  water,  which  is  acted  upon 
by  series  of  plungers  forcing  it  up  through  the  bed  of  ore. 

A  number  of  rectangular  frames,  made  of  4x6  or  6x6  inch 
plank  are  mortised  together  and  are  set  up  in  line,  and  form 
the  framework  of  the  body  of  the  jig,  the  tank  being  built 
up  of  planks  nailed  to  the  inside  of  the  frame  and  subdivided 
into  cells  by  longitudinal  and  transverse  partitions. 

There  are  several  methods  of  putting  together  the  tank 
timbers  or  building  up  the  body  of  the  jig :  ( 1 )  The  planks 
may  be  grooved,  set  on  edge,  and  a  tarred  strip  of  soft  pine 
driven  in  to  fill  up  the  rectangular  opening  formed  by  the 
junction  of  the  double  grooves.  Occasionally  iron  splines 
are  used,  but  when  the  water  employed  in  the  jigging  opera- 
tion is  very  acid  iron  does  not  last  as  well  as  wood.  (2) 
The  walls  may  be  built  up  of  two-by-fours  by  laying  them 
flatwise  and  inserting  wicking  between  them  (/,  figure  58). 
Flat  wicking  or  ordinary  candle  wicking  is  often  employed. 
If  the  planks  do  not  fit  evenly  they  may  be  partially  fastened, 
and  a  cut  with  a  saw  blade  made  between  the  two  pieces. 
When  closely  fitted  and  well  wicked  and  spiked  there  is  little 
or  no  danger  of  leakage. 

When  two-by-fours  are  used,  they  are  usually  lapped  at 
the  ends  or  corners,  being  built  up  in  pig-sty  fashion,  the 
supporting  frames  being  omitted  (1,  figure  58).  This 
leaves  a  two-inch  space  alternating  with  the  planks.  These 
spaces  are  filled  in  as  they  occur  with  pieces  of  two-by-fours, 
the  wicking  being  inserted  as  before ;  thus  the  whole  tank  is 
built  up  solid  and  tight  at  one  operation.  This  form  is 
known  as  *'Cooley's  self-contained  jig."  Transverse  parti- 
tions divide  the  jig  into  compartments  or  cells,  while  longi- 
tudinal partitions  partially  subdivide  the  cells  formed  by  the 
transverse  partitions,  both  of  which  are  usually  made  in  the 
same  manner  as  the  walls  of  the  jig. 
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Another  method  of  joiniDg  the  timbers  at  the  cornere  of 
the  jig  is  BhowD  at  S,  figure  58,  which  is  stronger  than  the 
form  shown  at  1,  but  is  not  much  used  aad  is  more  ezpeDsive. 


PlK-BS.    HetbadBorpaCtinEtcmtlKrJtKMnki. 

If  the  jig  is  to  be  six-celled,  five  partitions  are  placed  trans- 
versely and  at  equal  distances  apart.  These  chambers  fire 
again  subdivided  by  a  partition  extending  about  half  way 
down  from  the  top  (figure  57),  thus  subdividing  the  top 
portion  of  the  jig  body  but  not  the  lower.  The  two  series  of 
compartments  or  cells  thus  formed  are  connected  at  the  bot- 
tom, and  the  whole  space  at  the  bottom  of  the  two  connected 
cells  is  formed  into  a  hopper,  which  is  constructed  in  a  num- 
ber of  ways  :  (1)  It  may  be  regular,  in  which  case  all  of  the 
sides  slope  inward  to  the  center  of  the  bottom  of  the  rectangu- 
lar space  formed  by  the  bottom  of  the  two  cells.  The  oppo- 
site sides  will  have  the  same  slope,  but  the  sides  fore  and  aft 
(or  ends)  will  have  a  slighter  inclination  than  the  lateral 
slopes.  (2)  One  side  or  end,  usually  the  back,  may  be  much 
elongated.     Figures  55  and  57. 

Id  some  cases  the  front  side  of  the  jig  may  form  the  front 
eod  of  the  hopper,  while  the  slope  of  the  back  side  extends 
clear  across  the  bottom  of  the  two  cells,  in  which  case  it  is 
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given  as  great  an  inclination  as  is  possible.     In  all  cases,  the 
two  sides  of  the  hopper  have  the  same  inclination. 

The  hopper  is  to  catch  the  fine  ore  that  passes  through  the 
screen  as  well  as  to  facilitate  the  discharge  and  emptying  of 
the  cells. 


Flg^.  07.    Transverse  section  of  power  jiff. 


The  front  row  of  cells,  as  B,  figure  55,  formed  by  the  longi- 
tudinal partition,  A,  is  called  the  sieve  cells,  while  the  back 
row,  as  C,  is  called  the  plunger  cells.  The  former  carries 
the  gratings  or  screens  on  which  the  ore  rests,  and  vary  in 
size  from  28x30  to  30x42  inches.    (See  7,  figure  65.) 

The  shaft,  NO,  which  is  broken  at  if,  to  allow  two  dilBFerent 
speeds,  is  mounted  in  bearings  on  the  caps  of  the  frames,  Z. 
Eccentrics,  a,  6,  c,  d,  e,  and/,  are  keyed  or  set-screwed  to  the 
shaft,  NO,  directly  above  the  center  of  the  cells  (plunger), 
and  are  connected  with  the  plungers  by  pitman  rods,  -F; 
thus,  as  the  shaft  revolves  the  plungers  are  raised  and 
lowered  in  their  respective  cells.  For  details  of  eccentrics, 
see  figure  61,  where  i  is  a  sleeve  fastened  to  the  shaft,  NO,  2 
is  a  sliding  circle  or  hub,  which  is  fastened  to  7,  ^  is  a  cast- 
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ing  or  strap  enclosing  the  circle  ^,  to  which  is  fastened  the 
plunger  rod,  K.  By  means  of  the  slots,  the  length  of  the 
stroke  may  be  varied. 

Pulleys,  X,  one  to  each  section  of  the  shaft,  NO,  are  usually 
keyed  near  one  end  of  each  section.  The  pipes,  F,  connect 
the  hopper  with  the  outside  or  front  of  the  jig,  and  discharge 
through  spigots  into  the  trough,  /.  The  pipes,  M,  admit  wa- 
ter into  the  plunger  cells,  through  the  launder,  Ai,  Discharge 
pipes  maintain  the  proper  level  of  the  water  in  the  plunger 
cells.  The  launder,  B,  feeds  the  jig.  A  settling  box  and  over- 
flow regulator  are  shown  at  Oi. 

The  screen  surface  may  be  grating  {1,  figure  62)  or  wire 
cloth  on  the  rougher  jig  and  wire  cloth  on  the  cleaner  and 
sand  jigs.  Occasionally  only  the  first  few  cells  of  the  rougher 
jig  are  provided  with  grating,  while  the  remaining  cells  are 
furnished  with  wire  cloth .  Usually  the  cleaner  jig  is  furnished 
throughout  with  wire  cloth,  yet,  in  a  few  instances,  fine  grat- 
ings have  been  observed  on  the  first  cell  or  two.  As  a  rule 
the  rougher  jig  is  provided  with  one-eighth-inch  gratings, 
while  the  cleaner  jig  may  have  all  cells  furnished  with  five 
mesh  wire  cloth,  or  the  first  cell  four,  the  three  following  five, 
and  the  last  six  mesh.  The  sand  jig  has  ten  to  twelve  and 
fourteen  mesh  in  all  but  possibly  the  first  one  or  two  cells, 
which  may  have  six  or  eight. 

When  wire  cloth  is  used,  a  support  must  be  provided  (^, 
figure  59) ,  which  is  made  of  thin  strips  of  wood,  mortised 
together.  The  wire  cloth  is  usually  fastened  to  this  frame- 
work by  nails  or  screws,  and  is  easily  removed  when  repairs 
are  necessary. 

Spigots  are  provided  at  the  bottom  of  the  front  side  of  the 
jig.  and  are  screwed  into  openings  or  pipes,  making  direct 
connections  with  the  hoppers  in  the  bottom  of  the  cells.  The 
material  whith  falls  through  the  bed  and  screen  above  settles 
into  these  hoppers  and  is  call  the  ''hutch,"  which  can  be  run 
off  at  will  through  the  spigots  connecting  with  the  same. 
The  spigots  are  so  arranged  in  the  cleaner  that  the  ore  and 
water  are  thrown  back  against  the  end  of  the  foot  trough,  7, 
i.  e.,  opposing  the  flow  from  the  same,  while  in  the  rougher 
the  flow  from  the  spigots  aids  the  flow  from  the  trough. 
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Fix.  50.    Wiwden  grate  tot 


Slime  Washing  and  Conceutratlng:  Apparatus. 

Id  all  mining  districta  there  ia  a  certain  amount  of  fine  or 
flour  mineral ,  produced  by  cloae  cruahing,  which  eacapea  from 
the  large  capacity  and  more  or  lesa  rough  concentrating  ap- 
paratus and  ia  lost  in  the  slimea,  which  are  alwaya  present  in 
ore  concentration.  An  excesa  of  fine  (Boat)  mineral  may 
be  due  to — first,  too  cloae  cruahing  ;  second,  very  friable  min- 
eral. The  mineral  may  be  bo  disseminated  throughout  the 
gangue  or  country  rock  as  to  require  cloae  or  fine  cruahing. 

Special  forms  of  apparatua  have  been  deriaed  for  saving 
the  flour  mineral  from  the  alime. 

Only  two  forms  of  alime  treating  apparatus,  the  Wilfley 
table,  and  buddies,  have  been  in  use  to  any  great  extent  in 
the  Galena  district,  while  two  other  forms,  the  round  table 
and  the  hydraulic  separator,  have  been  hardly  more  than 
tried.  The  hydraulic  separator  has,  however,  had  more  ex- 
tenaive  uae  than  the  round  table. 

The  first  two  mentioned,  namely,  the  Wilfiey  table,  and  bud- 
dies, have  been  used  quite  extensively,  and  will  be  described 
in  detail  below. 
19-viii 
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THE    WILFLBY   TABLB. 

In  this  table  are  incorporated  some  of  the  features  of  plain 
and  riffled  tables  and  has  in  addition  to  these  a  shaking  mo- 
tion. The  result  is  a  very  efficient  and  easily  handled  appara- 
tus, and  of  a  fairly  large  capacity,  even  on  low-grade  materials, 
such  as  the  tailings  from  the  large  concentrating  mills. 

A  description  of  one  of  the  earlier  forms  of  Wilfley  tables, 
which  incorporates  the  principle  of  the  apparatus,  is  taken 
from  a  circular  issued  by  the  manufacturers ;  although  the 
tables  in  use  at  the  present  time  differ  somewhat  from  the 
earlier  form,  yet  the  principle  is  the  same,  as  is  the  general 
arrangement  of  the  table  : 

''The  table  consists  of  a  flat  surface  seven  feet  wide  by  six- 
teen feet  long,  covered  with  linoleum,  upon  which  are  a  series 
of  riffles.  These  riffles  extend  nearly  the  full  length  of  the 
table  on  the  discharge  side  and  grow  shorter  as  the  feed  cor- 
ner of  the  table  is  approached. 

''The  pulp  is  fed  upon  the  table  near  the  movement  end 
and  flows  down  the  adjustable  inclined  surface  across  the 
series  of  riffles  towards  the  tailings  discharge.  The  move- 
ment is  so  constructed  that  the  table  has  a  quick  motion  at 
the  outer  end  of  its  stroke  and  a  much  slower  motion  at  the 
inner  end.  This  movement  causes  the  ore  particles  to  settle 
in  layers,  leaving  the  clear  silica  at  the  top,  exposed  to  the 
action  of  a  stream  of  wash  water,  and  at  the  same  time  causes 
the  entire  mass  to  move  up  the  slight  incline  of  the  table 
towards  the  concentrates  box.  The  pulp  is  fed  upon  the  table 
through  a  series  of  small  holes  in  the  side  of  the  pulp  box, 
and  during  the  entire  time  it  is  upon  the  table  it  is  kept  con- 
stantly under  a  thin  sheet  of  wash  water,  which  prevents  any 
loss  through  the  mineral  floating  off  on  the  surface  of  the 
water,  which  is  a  frequent  source  of  loss  in  other  tables. 

"The  riffles  mentioned  above  are  one-quarter  inch  in 
height  at  the  movement  end  and  taper  to  a  feather  edge  to- 
wards the  head  end.  As  the  pulp  moves  up  the  table  the 
upper  layer  of  sand  is  carried  over  the  riffles  by  the  wash 
water,  while  the  concentrate  is  being  steadily  settled  and  a 
fresh  layer  of  sand  is  brought  to  the  surface.  The  concen- 
trates, after  being  freed  from  the  greater  part  of  the  sand, 
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move  beyoad  the  riffles  upon  the  plain  portioa  of  the  table, 
where  they  are  washed  by  the  stream  of  clear  water,  which 
carries  the  finer  particles  of  silica  into  the  tailings  discharge, 
and  also  carries  the  minerals  down  the  table  in  order  of  tbeir 
specific  gravity.  Galena  is  moved  but  little  by  the  wash 
water,  but  by  the  motion  of  the  table  is  driven  toward  the 
concentrates  box.  Iron  pyrites  are  carried  farther  down  the 
table  than  galena;  zinc  blende,  quartz  with  mineral  at- 
tached and  clear  sand  are  carried  down  in  the  order  named. 
The  lines  between  the  various  streaks  of  mineral  formed  by 
the  combined  action  of  the  wash  water  and  motion  of  the 
table  are  so  distinct  that  it  is  an  easy  matter  so  to  adjust  the 
table  and  wash  water  that  the  clean  sands  are  run  into  the 
waste  spout,  and  the  quartz  with  mineral  attached  into  the 
middlings  spout,  to  be  automatically  returned  to  the  table  to 
be  retreated,  while  all  the  concentrates  are  directed  into  the 
concentrates  box. 

"This  feature  of  the  Wilfiey  table — the  separation  of  the 
minerals  into  distinct  streaks,  is  of  great  value,  as  by  means 
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of  it  the  working  of  the  table  can  be  adjusted  yery  closejy, 
and,  if  required,  the  greater  portion  of  any  mineral,  as  zinc, 
copper,  galena,  etc.,  can  be  cutout." 

A  top  view  of  this  table  is  shown  in  figure  67  and  plate 
XXXVIII,  where  the  zones  or  belts  of  concentrates  (lead  and 
zinc  in  this  case)  are  seen.  The  ore  is  brought  to  the  table  by 
the  launder,  A,  which  discharges  into  the  pulp  box,  B.  From 
B  the  material  to  be  treated  is  discharged  onto  the  table  from 
the  back  side  of  ^,  as  shown  by  the  arrows. 

Motion  is  given  to  the  table  by  means  of  the  crank,  pitmans, 
levers,  sliding  bar,  and  spring,  as  D,  C,  and  K,  ff,  E,  and  F, 
which  are  shown  to  good  advantage  in  figures  67  and  68. 
The  slime  which  passes  over  the  table  and  escapes  between 
the  finger,  M,  and  the  guide-board,  N,  is  caught  in  the  trough, 
Z,  and  conducted  back  to  the  elevator  wheel,  0,  by  which  it  is 
raised  and  delivered  to  the  pulp  box,  By  through  the  launder , 
P.  The  elevator  is  driven  by  a  combination  of  belts  and 
different  sized  pulleys  from  the  main  drive  shaft,  as  shown. 
A  section  of  the  elevator  is  shown  in  figure  69. 

The  bulk  of  the  slime  which  is  thoroughly  freed  of  ore  is 
run  into  the  launders,  X  and  F,  thence  to  the  tailings  pile. 
An  intermittent  jerking  motion  similar  to  that  of  the  table  is 
given  to  the  launder,  Z,  by  means  of  a  lever,  Q,  and  spring, 
/,  thus  facilitating  the  movement  of  the  slime  through  the 
launder. 

The  riffles  are  shown  in  parallel  lines  on  top  of  the  table. 

A  cut  of  one  of  the  latest  machines  is  shown  in  figure  66. 

A  mill  installed  with  eight  of  these  tables  was  in  operation 
in  North  Galena  the  summer  of  1899 ;  later  it  was  moved  to 
the  Mastin  diggings,  where  it  was  operated  for  some  time  on 
tailings. 

BUDDLBS. 

There  are  two  forms  of  buddies,  the  square  and  the  round. 
The  square  buddle  consists  of  a  shallow  rectangular  box.  A, 
figure  71,  about  ten  feet  long  by  four  feet  wide.  Situated 
at  one  end  of  this  box  is  a  distributer  or  apron,  B,  which  dis- 
tributes the  slimes,  delivered  to  it  by  the  launder,  C,  evenly 
over  the  bottom  of  the  box,  A.  The  water  and  slimes  flowing 
evenly  upon  the  bottom  of  the  tank  or  box,  which  is  inclined 
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about  four  inches  to  ten  feet,  is  treated  as  will  be  explained 
later,  and  that  part  which  does  not  settle  finally  escapes  at  the 
.  gate,  D. 

The  canyas  sweep,  £,  is  used  to  settle  the  finer  slimes, 
which  tend  to  float,  as  they  pass  over  the  bottom  of  the  box,  A. 


Vig,  es.  T  Actuating  device  for  Wilfley  table  and  other  details  of  table. 

The  round  huddle  of  the  convex  type  is  used  in  this  dis- 
trict, and  has  met  with  much  favor  as  a  finishing  machine 
in  the  so-called  ''sludge"  mills.  The  form  employed  in  this 
district  is  the  convex  type,  no  concave  forms  being  employed. 

The  square  huddle  is  also  employed  as  a  finisher  for  parts 
of  the  product  of  the  round  huddle. 

The  round  huddle,  in  both  plan  and  section,  is  shown  in 
figure  70.  It  consists  of  a  circular  pit  lined  with  short 
pieces  of  board  or  plank,  so  placed  that  the  grain  is  hori- 
zontal, which  are  joined  together  by  vertical  strips  lapping 
over  the  two  ends  of  the  adjacent  segments.  The  pit  is  about 
twenty-four  feet  in  diameter  and  eighteen  inches  deep. 
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Fig.  69.    Elevator  for  Wilfley  table  for  return- 
ing  middle  product. 


A  gate  is  provided  at  some  point  of  the  periphery,  as  A. 
The  drum,  B,  is  situated  at  the  center  of  the  pit,  the  floor  or 
bottom  of  which  slopes  away  from  the  drum  in  all  direc- 
tions at  an  inclination  of  about  six  inches  to  ten  or  twelve 
feet.  The  drum  is  about  four  feet  in  diameter,  and  stands 
from  twelve  to  eighteen  inches  above  the  bottom  of  the  bud- 
die.  The  top  of  the  drum  is  conical,  being  a  truncated  cone, 
and  is  provided  with  a  row  of  diamond-shaped  pieces  of 
wood  called  ''buttons,"  the  longer  axis  of  each  pointing  to- 
wards the  center  of  the  cone  or  drum.  These  buttons  are 
four  and  one-half  inches  along  the  major  and  one  and  one- 
half  inches  along  the  minor  axis,  and  are  placed  about  one- 
half  to  three-fourths  of  an  inch  apart.  There  is  a  space  of 
three  inches  between  the  ends  of  the  buttons  and  the  edge  or 
periphery  of  the  drum. 

Encircling  the  upper  edge  of  the  cylindrical  part  of  the 
drum,  and  flush  with  the  same,  is  a  hoop  of  iron,  P,  which 
stands  out  from  three-eighths  to  one-half  inch  from  the 
drum,  and  is  supported  by  screws  and  small  cleats,  spacing 
blocks,  placed  several  inches  apart.  Both  the  buttons  and 
the  hoop,  with  supporting  screws  and  cleats,  tend  to  distrib- 
ute uniformly  the  currents  of  water  and  slime  flowing  over 
the  conical  top  of  the  drum,  and  also  deflect  them  vertically 
downward  to  the  base  of  the  drum. 

Through  the  center  of  this  drum  rises  a  vertical  shaft,  Z, 
which  rests  in  the  end  or  stool  bearing,  C,  and  is  supported 
and  aligned  by  an  overhead  bearing,  D,  above  which  and 
keyed  to  the  shaft  is  the  drive  pulley,  E.  The  drive  belt  is 
twisted  one-fourth  as  it  passes  from  the  main  line  shaft  to  the 
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vertical  shaft.  To  the  lower  end  of  the  shaft,  Z,  is  fastened 
a  hollow  cup-shaped  casting,  F,  A  double  row  of  one-half- 
to  three-fourths-inch  holes  is  drilled  through  the  sides  of  the 
casting  near  the  base.  Above  the  row  of  holes  six  arms,  G^ 
of  gas  pipe  are  screwed  into  the  casting.  These  arms  extend 
outward  for  three  feet  from  the  casting  and  terminate  in  a 
square  plate  hinge,  H.  Through  the  outer  half  of  the  hinge 
is  attached  by  a  threaded  connection  another  piece  of  gas  pipe 
of  the  same  size  as  the  first  portion  of  the  arms,  G,  which  are 
about  four  feet  long  and  are  really  prolongations  of  the  arms 
proper.  These  broken  arms  furnish  support  for  canvas 
sweeps,  /,  which  are  fastened  to  the  outer  portion. 
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PLAN. 
Fig.  71.    Plan  and  elevation  of  hand  buddle. 

A  launder,  J,  provided  with  a  perforated  screen,  K,  at  the 
upper  end,  extends  to  and  encloses  the  shaft,  Z.  The  hole 
through  which  the  shaft  passes  is  purposely  made  several 
times  larger  than  the  shaft,  to  allow  the  escape  of  the  slime 
between  the  same  and  the  sides  of  the  opening.  A  partition, 
L,  prevents  any  slime  passing  down  the  launder  except  that 
which  passes  through  the  screen,  K.  A  water  pipe  provided 
with  a  T  connection  at  the  end,  into  which  are  screwed  short 
pieces  of  pipe  with  their  outer  ends  closed,  hangs  directly 
over  the  upper  part  of  the  launder,  /,  and  directly  over  the 
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screen,  K.  Small  holes  are  bored  in  the  lower  side  of  the 
short  portions  of  pipe,  which  are  connected  to  the  main  water 
pipe,  through  which  the  water  runs  in  small  streams,  and 
thus  loosens  up  and  washes  through  the  screen  any  fine  ma- 
terial such  as  slime  and  sand,  which  may  be  placed  in  the 
upper  part  of  the  launder.  After  passing  through  the  screen, 
K,  the  slime  is  borne  down  the  launder  and  escapes  through 
the  opening  in  the  lower  end,  through  which  the  vertical 
shaft  passes.  Passing  downward  from  the  launder,  it  is 
caught  in  the  hollow  or  cup-shaped  casting,  F,  from  which  it 
escapes  by  the  double  row  of  holes  at  the  base ;  thence  onto 
the  sloping  surface  of  the  top  of  the  drum,  and  lastly  onto 
the  table,  from  which  it  escapes  by  the  gate,  A. 

The  method  of  operating  a  round  (convex)  huddle  is  as 
follows :  The  material  to  be  treated  is  fed,  being  mixed  with 
water  as  described  above,  and  passing  downward  reaches  and 
spreads  out  over  the  convex  floor  or  bottom  of  the  huddle. 
In  passing  from  the  centrally  placed  drum,  radially  outward, 
a  certain  fixed  volume  of  dilute  slime  must  of  necessity  pass 
over  a  constantly  increasing  surface,  which  reduces  the  thick- 
ness of  the  sheet  of  water  and  very  materially  diminishes 
the  velocity.  The  carrying  power  of  the  water  current  is 
thus  reduced  and  particles  of  mineral  are  deposited  upon  the 
floor  of  the  huddle,  which  deposition  occurs  in  order  of  the 
specific  gravity  of  the  materials  treated,  i.  €.,  galena,  blende 
and  quartz  is  the  order  of  deposition.  When  the  huddle  has 
filled  to  the  depth  of  8  to  12  inches,  the  feed  is  stopped  and 
the  accumulation  of  mineral  and  sands  is  marked  off  and  re- 
moved according  to  its  richness.  For  instance,  the  first  4 
inches,  next  to  the  drum,  may  be  fairly  rich  galena ;  the  next 
8  inches,  fifty  per  cent,  blende  ;  the  next  24  inches,  twenty  per 
cent,  blende  ;  while  the  remainder  is  little  if  any  richer  than 
the  original  material  fed  to  the  huddle.  Each  of  the  succes- 
sive rings  of  material  is  removed  and,  when  a  sufficient  amount 
of  a  certain  grade  has  accumulated,  is  rerun  over  the  same 
or  other  buddies  of  similar  make.  As  a  rule,  in  each  mill 
where  buddies  are  operated,  certain  ones  will  be  run  as 
roughers,  the  product  of  which  is  retreated  on  other  buddies, 
often  called  finishers,  which  still  further  concentrate  the  ma- 
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terial.  This  will  be  repeated  until  a  clean,  marketable  prod- 
uct reeults.  Hand  buddies  and  Wilfley  tables  often  follow 
the  round  buddies,  either  one  of  which,  but  especially  the 
latter,  makes  an  excellent  finishing  apparatus. 

The  theory  of  the  square  and  round  buddies,  together  with 
the  other  forms  of  slime-washing  apparatus,  will  be  discussed 
under  another  head. 
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THE    BOUND   TABLB. 

The  principle  of  this  table  is  practically  the  same  as  that 
of  the  huddle,  with  the  exception  that  the  mineral  is  removed 
automatically,  usually  by  jets  of  water,  the  number  of  jets 
varying  with  the  number  of  included  minerals  in  the  ore 
treated.  Seldom  more  than  two  jets  are  employed ;  so  that 
when  more  than  two  minerals  occur  in  combination,  two  of 
them  are  removed  together,  and  then  this  combination  is  re- 
treated on  another  table. 

The  top  and  side  views  of  the  round  table,  as  it  would  ap- 
pear in  operation,  are  shown  in  figure  72.  These  cuts  are 
not  intended  to  show  all  of  the  details,  but  simply  to  eluci- 
date the  general  construction  and  working  of  the  table  ;  shape 
and  mounting  of  the  same  ;  the  method  of  feeding,  both  slime 
and  wash  water ;  the  distribution  of  the  same  on  the  table ; 
and  finally  the  method  of  removing  the  mineral  from  the 
table.  A  few  words  of  description  may  serve  further  to  ex- 
plain the  working  of  the  table. 

A  shaft,  2),  works  in  a  ball  or  anti-friction  bearing,  and  is 
supported,  in  a  vertical  position,  by  a  bearing  above.  It  sup- 
ports centrally  the  table,  F,  from  which  point  the  table  slopes 
in  all  directions  with  an  inclination  of  about  one  to  two 
inches  in  five  to  eight  feet.  Supporting  timbers  extend  from 
the  framework  of  the  table  to  a  point  several  feet  below  the 
junction  of  the  surface  of  the  table  with  the  shaft ;  they  are 
not,  however,  shown  in  the  accompanying  cut,  as  they  would 
tend  to  confuse  the  other  parts  of  the  drawing. 

The  table  varies  from  ten  to  sixteen  feet  in  diameter  and 
stands  above  the  floor  from  3i  to  4  feet. 

The  vertical  shaft  is  driven  by  gearing  which  is  placed 
overhead,  the  table  turning  with  the  shaft,  the  speed  of  ro- 
tation of  which  is  quite  slow — one  revolution  to  two  or  three 
minutes. 

A  circular  trough,  G,  usually  made  of  cast  iron,  encircles 
the  shaft,  and  is  supported  independently  several  inches  above 
the  table.  This  trough  is  divided  into  two  parts  by  partitions. 
The  bottom  of  the  trough  is  perforated  by  inch  holes,  placed 
every  two  to  three  inches  apart.  Water  pipes,  A,  B,  and  (7, 
furnish  water  either  through  the  trough  to  the  table,  or  direct 
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to  the  table.  The  pipe  C  is  larger  than  the  others,  and  fur- 
nishes wash  water  to  the  table  through  the  larger  portion  of 
the  trough,  0.  The  pipes  A  and  B  supply  water  for  clean- 
ing the  table  of  the  washed  and  concentrated  minerals.  The 
outlet  of  A  is  back  or  to  the  left  of  B^  so  that  it  sweeps  the 
table  and  washes  off  the  lighter  mineral,  while  B  is  farther 
around  to  the  right,  and,  by  a  somewhat  stronger  jet,  sweeps 
the  table  clean.  The  mineral  removed  by  A  and  B  is  caught 
in  the  boxes,  H  and  /.  These  boxes  are  connected  by  laun- 
ders with  the  concentrate  bins,  or  conducted  back  to  the  table 
for  retreatment. 

From  the  above  it  is  seen  that  slime  reaching  the  table  by 
means  of  the  launder,  K,  and  circular  trough,  O,  will  be  uni- 
formly distributed  over  its  surface  by  the  thin  sheet  of  water 
accompanying  the  slime.  The  feeding  of  the  slime  takes  place 
only  over  about  one-third  of  the  area  of  the  table,  or  between 
the  points,  0  and  P.  Beyond  0,  to  the  left,  around  to  P,  only 
wash  water  is  admitted  to  the  table,  which  thoroughly  washes 
the  mineral  from  all  dirt,  clay,  etc.,  and  also  removes  the 
small  particles  of  gangue  and  light  minerals  which  are  value- 
less. That  which  remains  on  the  table  is  the  valuable  mineral 
or  minerals,  if  more  than  one  exists  in  the  slime.  If  only 
one  mineral  is  present,  or  if  there  are  two,  and  it  is  desired  to 
save  only  one  of  them,  only  one  jet  of  water  is  necessary,  pro- 
vided the  stream  of  wash  water  is  sufBciently  strong  or  the 
slope  of  the  table  is  such  as  to  bear  off  all  but  the  heavier 
mineral.  If,  however,  there  are  two  valuable  minerals,  to 
save  them  both  it  is  necessary  to  employ  two  jets  of  water,  as 
before  described.  It  is,  however,  better  to  employ  the  two 
jets  of  water  whether  one  or  two  minerals  are  to  be  separated. 
Occasionally  a  circular  trough  is  placed  entirely  around  the 
table,  so  as  to  catch  all  of  the  minerals  which  escape.  This 
trough  is  divided  into  sections  by  partitions,  thus  making  as 
many  products  as  there  are  sections. 

The  direction  of  rotation  of  the  table  is  reverse  to  that  of 
the  hands  of  a  watch,  and  a  continuous  movement  presents 
to  the  slime  a  clean  table  surface,  as  at  Z,  that  is  in  turn 
washed  by  clean  water,  which  together  with  the  inclination 
and  character  of  the  surface  perform  the  desired  separation. 
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The  minerals  thus  separated  from  the  waste  material  and 
other  foreign  matter  are  brought  under  the  action  of  the  jet 
of  water,  A^  which  is  just  strong  enough  to  remove  the  lighter 
mineral,  leaving  the  other  on  the  table,  which  in  turn  is  re- 
moved by  the  jet  from  B. 

There4is  then  no  cessation  in  the  separating  operation,  and 
consequently  no  time  is  lost  in  cleaning  the  table. 
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FIgf.  73.    Settling  tank  and  stay  box  used  with  power  jigs. 

Plan  and  side  view. 


SETTLING    TANKS    OR    SLIME    AND    SAND    CLASSIFIKRS. 

Settling  tanks  or  classifiers  are  accessories  to  the  cleaner 
jig,  and[catch  a^large  amount  of  the  material  which  escapes 
from  the  [same.     The  form  used  in  this  district,  although 
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called  by  various  names,  belongs  to  the  two  well-known 
classes y  spitz  kasten  and  spitz  lutten,  the  use  of  which  is 
about  equally  divided.  No  special  rule  seems  to  be  followed 
in  the  construction  of  these  classifiers ;  the  object  apparently 
being  a  crude  attempt  with  crude  apparatus  to  catch  a  small 
amount  of  material,  which  would  otherwise  be  lost.  During 
the  last  few  years,  however,  the  importance  of  this  class  of 
apparatus  has  been  partially  realized,  which  has  led  to  a 
closer  adherence  to  the  regulation  method  of  construction. 
Following  is  a  short  description  of  the  forms  in  common  use': 

A  top  and  side  view  of  one  form  of  settling  tank,  as  com- 
monly called,  is  shown  in  figure  75.  The  tank  is  made  of 
one  inch  board  usually  fastened  to  the  end  of  the  jig,  through 
which  all  the  jig  water,  except  the  gate  and  spigot  discharges, 
passes. 

The  water  from  the  jig  first  passes  over  the  partition,  A^ 
into  the  first  compartment  of  the  settling  tank,  (7,  down  un- 
der the  partition,  2),  thence  into  the  second  compartment,  F, 
from  which  the  settlings  are  largely  drawn  off  through  the 
opening,  6r,  and  to  a  less  extent  through  0.  The  overflow  is 
through  the  spout,  H,  which  is  reached  by  passing  around 
the  partitions,  M  and  K.  The  partitions,  M  and  K,  act  as 
checks  to  the  overflow,  and  cause  more  sediment  to  be  thrown 
down.  This  is  collected  in  the  bottom  of  the  compartments, 
C  and  F,  from  which  it  is  shoveled  from  time  to  time  or  run 
off  by  a  spigot  at  G  and  0,  as  stated  above. 

The  dimensions  of  the  compartments  are  generally  twelve 
inches  wide,  24  and  30  inches  deep. 

Another  form  of  settling  tank  is  shown  in  4»  figure  65, 
which  is  an  end  view.  The  water  flows  in  over  the  side,  AB^ 
and  reaches  the  main  outlet,  K^  after  having  passed  through 
the  tank.  The  rising  currents  are  checked  by  the  partition,  £, 
around  which  they  must  pass.  The  settlings  are  drawn  off 
through  the  spout,  C.  This  last  form  of  settling  tank  is  not 
very  efficient  and  saves  but  little  sediment,  except  when  the 
tank  is  quite  large. 

In  figure  76  is  shown  another  form  of  settling  tank, 
which  does  not  differ  materially  from  the  forms  above  de- 
scribed, except  that  it  is  not  attached  to  any  other  form  of 
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apparatus,  sad  is  quite  large,  ranging  from  six  to  twelve 
feet  in  length  and  from  four  to  six  feet  in  widtli.  The  course 
of  the  slimes  through  the  tank  is  shown  by  the  arrows. 

The  forms  of  classifiers  illustrated  above  are  of  the  spitz 
lutte  type,  and  in  many  cases,  as  used,  are  intended  only  as 
stay  boxes  ;  i.  e.,  are  employed  as  means  of  holding  back  and 
maintainiDg  a  certaia  head  of  water  in  the  jig,  and  not  em- 
ployed at  all  as  classifiers.  This  is  not  the  case,  however, 
with  the  last-mentioned  form,  which  ie  employed  exclusively 
as  a  settling  box  or  classifier. 


n$.n.    Unwi 


CR^Ki 


THE    HYDRADLIC    SBPARATOB. 

Several  forms  of  hydraulic  separators  or  classifiers  have 
been  employed  in  the  district,  all  of  which  represent  forms 
in  common  use  in  other  parts  of  the  country.  A  form  com- 
monly employed  iu  the  district  will  be  taken  as  typical  of 
those  in  use. 

In  figures  73  and  74  are  shown  a  top  view  and  vertical  section 
of  a  hydraulic  classifier.  It  consists  of  two  four-sided  pyra- 
mids, constructed  out  of  one  inch  soft  pine  boards,  one  of 
which,  A,  is  pliiced  within  the  other,  B,  and  both  inverted. 
The  outer  pyramid  is  about  eight  inches  larger  across  the  base 
than  the  inner  one  ;  the  sides  of  both  are,  however,  parallel. 
The  inner  pyramid.  A,  is  truncated,  i.  e.,  just  the  tip  of  the 
apex  is  cut  ofi*,  which  leaves  an  opening  about  one  inch  square, 
E.  The  two  pyramids  are  spaced  the  proper  distance  apart 
and  fastened  in  that  position.     A  discharge  opening,  or  spigot 
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for  the  sorted  product,  is  provided  in  one  side  of  the  outer 
pyramid,  B,  and  at  a  point  near  the  apex,  F,  while  on  one 
side  of  the  base,  several  inches  from  the  edge,  is  attached  a 
discharge  launder,  C,  for  the  wastes  or  overflow.  The 
material  to  be  treated  is  mixed  with  a  proper  amount  of  water 
and  fed  to  the  inner  box,  A.  Passing  downward  through  the 
opening,  E,  the  then  ascending  current  encounters  the  four 
sides  of  the  pyramid,  B,  and  is  deflected  upward  between  the 
sides  of  the  pyramids  and  finally  overflows  at  C.  Any  ac- 
cumulation of  sorted  material  is  drawn  off  from  time  to  time 
through  jP. 

Owing  to  the  method  of  feeding  the  classifier,  also  the 
position  of  the  discharge  for  wastes,  the  level  of  the  water  in 
A  is  higher  than  in  B;  consequently  the  pressure  due  to  the 
difference  in  height  of  water  columns  causes  a  positive  down- 
ward flow.  The  velocity  of  the  water  currents  are  further 
augmented  by  the  gradually  converging  sides  of  the  inner 
passage.  A,  but,  when  once  past  E,  the  velocity  remains  con- 
stant and  uniform.  An  increased  velocity  at  this  point  could, 
however,  be  produced  by  making  the  angle  of  A  greater  than 
that  of  Bf  which  is  occasionally  done,  when  too  much  material 
tends  to  remain  in  the  classifier,  so  choking  the  discharge,  F, 

GRAVITY    SPOUTS   OR   LAUNDERS. 

Gravity  spouts  or  launders  are  forms  of  conveying  appa- 
ratus used  in  transferring  the  material  to  be  concentrated, 
with  its  transporting  medium,  water,  from  one  part  of  the 
mill  to  another.  They  consist  of  closed  or  open  troughs 
made  of  six-inch  boards  nailed  into  a  square,  seldom  a  V  form. 
Occasionally  the  spouts  are  lined  with  iron  spouting  or 
sheathing  placed  within  the  wooden  trough  or  spout  to  pre- 
vent undue  wear. 

These  launders  are  built  of  various  sizes  as  the  require- 
ments of  the  mill  demand.  They  are,  however,  from  four  to 
six  inches  wide,  and  about  the  same  in  depth,  and  should  be 
given  a  pitch  sufBciently  great  to  insure  the  complete  and 
rapid  discharge  of  the  material  handled.  The  proper  slope 
for  a  square  trough  is  one  or  two  inches  per  foot  for  medium 
sizes,  and  without  an  excess  of  carrying  water. 
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SECTION 


Flsr.  74.    Pointed  box  hydraulic  classi- 
fier —  vertical  section. 


Tig.  73.    Pointed  box  hydraulic 
classifier  —  plan. 


FEEDING    APPARATUS. 

In  connection  with  all  concentrating  works  are  to  be  found 
various  forms  of  devices  employed  in  feeding,  either  auto- 
matically or  otherwise,  the  various  machines.  These  feeders 
are  intended  primarily  to  regulate  the  amount  of  material 
fed,  as  well  as  to  maintain  a  constant  supply.  Usually,  how- 
ever, the  regulation  of  the  feed  is  conducted  at  the  reduction 
end  of  the  system,  and,  when  the  ore  is  fed  by  hand,  this  can 
be  done  with  comparative  ease,  especially  if  there  is  a  large 
amount  of  material  on  hand,  so  that  the  feeders  do  not  have 
to  wait.  In  this  district,  as  the  feeding  is  done  entirely  by 
hand,  no  forms  of  feeding  devices  are  employed  within  the 
main  concentrating  works.  With  the  introduction,  however, 
of  slime-washing  machinery  there  has  been  a  demand  for 
some  form  of  feeding  appliance  which  would  save  the  hand- 
ling of  a  large  amount  of  waste  material.  This  is  especially 
the  case  with  the  slime-treating  apparatus,  which  are  located 
in  separate  mills  and  treat  almost  entirely  the  waste  product, 
such  as  tailings  and  refuse  sand,  etc.,  from  other  mills.  A 
form  of  automatic  feed  was  employed  at  a  slime-treating  plane 
in  which  Wilfley  tables  were  the  special  form  of  apparatus 
employed  in  the  concentration. 

A  side  view  of  the  automatic  feed  employed  in  this  mill  is 
shown  in  plate  XXXVII,  and  was  operated  as  follows :  A 
long  rectangular  bin  with  a  sloping  bottom  was  constructed 
with  the  feed  end  facing  the  mill.     An  elevated  road  was  built 
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on  either  side  of  the  bin  upon  which  wagons  were  drawn,  thus 
supplying  the  bin  with  tailings  sands  and  slimes.  The  bin 
was  divided  longitudinally  into  two  compartments  by  a  par- 
tition, above  which  a  track  was  constructed,  upon  which  op- 
erated a  long  rectangular,  hopper-shaped  box  mounted  on 
trucks.  From  the  center  of  the  bottom  of  this  box  extended 
a  short  piece  of  gas  pipe  to  which  was  attached  a  Ty  from 
which,  extending  at  right  angles  to  the  body  of  the  hopper, 
were  two  pieces  of  gas  pipe  which  projected  over  the  middle 
of  each  compartment.  The  ends  of  these  pieces  of  pipe  were 
furnished  with  elbows  into  which  were  screwed  a  few  (four  to 
six)  inches  of  pipe,  which  extended  downward.  Valves  were 
placed  in  both  of  these  arms,  so  that  when  closed  no  water 
could  escape  from  the  hopper  by  way  of  the  pipe  connection. 
When  full  of  water  the  hopper  could  be  drained  into  either 
one  or  both  of  the  compartments  by  changing,  i.  e.,  opening 
or  closing  the  valves. 

A  line  of  pipe  ran  from  the  mill,  where  connection  was 
made  with  a  large  tank,  to  the  bin  and  extended  the  entire 
length  of  the  same.  Connected  with  and  extending  down- 
ward from  this  line  of  pipe  were  short  lengths  of  pipe,  pro- 
vided with  valves,  which  were  situated  eight  or  ten  feet  from 
either  end  and  above  the  middle  of  the  bin.  The  hopper- 
shaped  car  could  then  be  run  under  any  one  of  these  connec- 
tions with  the  main  line  of  pipe  and  thus  receive  feed  water 
from  the  same.  By  opening  the  valves  in  the  pipe  connec- 
tions of  the  hopper,  water  was  admitted  to  the  bin  on  either 
side  desired,  which  gradually  washed  the  tailings  down  the 
inclined  floor  into  a  launder  at  the  lowest  point,  which  con- 
nected with  the  boot  of  an  elevator ;  the  elevator  delivering 
it  in  turn  to  the  reducing  apparatus.  By  advancing  the  hop- 
per from  the  front  to  the  rear  end,  the  contents  of  the  bin 
could  be  fed  to  the  elevator  and  thence  to  the  mill.  If  ma- 
terial was  constantly  being  shoveled  into  the  bin  the  hopper 
might  remain  at  the  front  or  feed  end  of  the  bin  or  under  the 
first  connection  with  the  feed  pipe.  As  the  bin  had  a  storage 
capacity  of  several  hundred  tons,  it  could  tide  over  spells  of 
bad  weather,  which  would  otherwise  necessitate  a  shut  down. 

No  other  form  of  feeding  or  feed  regulating  apparatus  was 
noted  in  connection  with  the  concentrating  operations  in  this 
district. 
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PUMPING  BiAOHINEBT. 

The  mines  in  this  district  are  freed  from  water  by  means 
of  buckets  and  pumps.  In  the  better  equipped  and  deeper 
mines  the  water  is  removed  wholly  by  pump,  except  possibly 
an  occasional  cleaning  of  the  sump  by  buckets. 

The  forms  of  buckets  used  in  hoisting  water  were  referred 
to  in  the  description  of  buckets,  and  need  no  further  men- 
tion. 

Pumps  may  be  considered  under  two  heads,  namely,  mine 
and  mill  pumps.  The  principal  mine  pumps  are,  endless 
belt,  Cornish,  steam,  and  rotary,  while  the  mill  pumps  are 
of  the  centrifugal  type  and  Pulsometers. 

Mine  Pumps. 

The  old  Cornish  style  of  pump  is  the  form  used  almost  uni- 
versally in  the  district ;  yet,  in  a  few  of  the  deeper  mines, 
improved  forms  of  simple  and  duplex  steam  pumps  such  as 
the  Snow  and  Worthington  are  being  used.  A  few  primitive 
pumps  were  formerly  used,  but  have  disappeared  almost  en- 
tirely at  the  present  time. 

A  few  remarks  regarding  one  of  these  crude  forms  of  pump- 
ing devices  will  not,  however,  be  out  of  place  here,  as  they 
are  occasionally  used. 

THE    ENDLESS    BELT   PUMP. 

The  endless  belt  or  the  ''Chinese"  pump,  as  it  is  some- 
times called,  is  used  to  a  limited  extent  in  this  district.  It 
consists  of  from  one  to  three  endless  belts,  which  are  made 
of  canvas  or  leather  belting,  provided  with  cleats,  and  faced 
with  thick  rubber  gasket.  Figures  77  and  78.  These  belts 
pass  over  a  pulley,  -4,  at  the  top,  which  is  driven  by  a  gear- 
ing, Bf  and  around  separate  pulleys  at  the  bottom  to 
prevent  slippage  and  wear  due  to  a  possible  differential 
movement  between  the  different  belts.  The  belts  pass  down- 
ward without,  and  rise  within  wooden  tubes  or  column  pipes 
which  are  just  large  enough  to  allow  the  belts  with  gasket- 
faced  cleats  to  pass  through.     The  rubber  gasket  facing  com- 
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pletely  fills  the  openiogB,  and  thus  enables  the  buckets  to  raise 
the  water  in  a  manner  similar  to  that  of  a  chain  pump.  The 
cross-sectional  area  of  the  opening  in  the  tube  is  multiplied 
as  many  times  as  there  are  spouts  or  openings  employed. 
The  speed  of  flow  depends  largely  upon  the  linear  speed  of 
the  belt  or  belts  per  minute. 

A  large  amount  of  water  can  be  raised  per  day  with  this 
form  of  pump,  but  it  is  easily  gotten  out  of  repair  and  is  dif- 
flcult  to  put  in  working  shape  again.  Then,  too,  the  wear  ie 
great,  both  on  the  belts  and  in  the  tube.  The  lift  of  such  a 
pump  is  low,  seldom  exceeding  85  to  50  feet.  These  pumps 
are  not  to  be  recommended  except  for  special  work  and  occa- 
sions. They  are  also  occasionally  used  as  mill  pumps  for 
elevating  mill  water  and  slimes. 


i 


Fic.  7$.   Column  pipe  for  b«1t  bucket  pi 


THE   COBNIBH    PUMP. 

The  Cornish  pump  has  been  for  many  years  and  is  yet  the 
mainstay  in  this  district.  As  a  reliable,  economical  and  effi- 
cient pump  it  cannot  be  excelled  for  certain  kinds  of  work 
under  widely  varying  conditions,  and   as  constructed    and 
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operated  in  this  district  it  is  essentially  a  shallow-mine  pump. 
They  are,  therefore,  what  may  be  called  "single-bucket  or 
suction-lift"  pumps. 

The  pump  proper  consists  of,  first,  the  pump  head ;  sec- 
ond, the  necessary  length  of  column  pipe  ;  third,  the  working 
barrel;  fourth,  the  clack  valve  ;  and  fifth,  the  suction  orslid- 
ing  barrel  or  sleeve,  with  screen  attached. 


FIff.  99.    Priming  hopper  and  headpiece  of  a  Gomiah  pump. 

The  range  for  a  single-lift  Cornish  pump  is  from  250  to 
300  feet ;  so  the  mining  operations  here  are  as  yet  well  within 
the  limits. 

With  these  few  parts,  the  pump  proper  is  comparatively 
simple  and  easy  to  operate. 

The  Pump  Head. — The  pump  head  is  a  continuation  of  the 
upper  end  of  the  column  pipe  (figure  89),  and  consists  of 
the  delivery  spout,  A,  riveted  to  which  is  the  tee  casting,  B, 
and  to  B  the  sheet  iron  funnel,  C.  The  use  of  the  head  is  two- 
fold :  First,  to  allow  for  sufficient  play  of  the  pump  rod,  and 
to  protect  it,  as  it  were,  by  a  shield  surrounding  it;  and 
second,  to  facilitate  the  priming  of  the  pump.  A  barrel  of 
water  may  be  poured  into  the  funnel,  or  a  launder  running 
from  another  pump  may  be  directed  to  it. 
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Most  of  the  Cornish  pumps  are  provided  with  these  heads, 
but  occasionally  the  upper  or  funnel-shaped  portion  is  want- 
ing. 

Thb  Column  Pipe. — The  column  pipe  may  be  made  of 
wrought  iron,  with  flanges  riveted  to  or  screwed  on  the  ends, 
or,  what  is  probably  better,  cast  iron,  with  flanges  cast  with 
the  pipe.  Both  kinds  are,  however,  used.  A  rubber  gasket, 
or  a  ring,  cut  out  of  rubber  belting,  serves  to  make  both  an 
air-  and  water-tight  connection  between  the  two  flanges. 
Pipes  from  eight  to  ten  and  twelve  inches  in  diameter  are 
used,  while  wooden  pipes  are  occasionally  employed,  espe- 
cially for  short  lifts. 

The  Working  Barrel. — The  working  barrel  consists 
of  a  short  length  of  pipe  ( figure  81 ) ,  generally  seven  to 
eight  feet,  and  one  inch  less  in  diameter  than  the  column 
pipe,  which  is  to  allow  the  working  valve  or  wheel  to  be 
withdrawn.  The  barrel  is  either  an  extra- well-made  piece  of 
pipe,  or  is  especially  made,  and  often  turned  smooth  and  to 
an  even  diameter  inside,  or  lined,  to  prevent  too  much  fric- 
tion between  the  barrel  and  the  moving  valve ;  also  to  pre- 
vent leakage.  The  clack  valve  rests  on  top  of  the  suction, 
which  is  fastened  to  the  lower  end  of  the  working  barrel. 

Clack  Valves. — The  forms  of  clack  valve  used  are  :  First, 
a  common  form,  consisting  of  a  lid,  hinged  at  one  side,  which 
is  lifted  by  the  rising  currents  of  water  on  the  up  stroke  and 
falls  on  the  down  stroke,  closing  the  valve ;  another  form  is 
shown  in  figure  82,  at  Z,  and  consists  of  a  disk  or  cap,  which 
slides  on  a  central  pin,  thus  opening  and  closing  the  valve 
with  the  rise  and  fall  of  water.  The  vertical  movement  or 
play  of  the  cap  should  be  from  H  to  2  inches. 

A  top  view  of  the  valve  complete  is  shown  at  i,  Z,  a  section 
at  ^,  Z,  and  a  bottom  view  at  3^  Z.  The  pin,  X,  is  adjust- 
able, usually  being  keyed  or  fastened  with  a  lock  nut,  so  that 
the  lift  of  the  cap  or  lid,  Y,  may  be  varied. 

The  advantage  of  this  form  of  valve  is  that  the  discharge 
area  is  the  same  on  all  sides. 

The  Suction  and  Sleeve. — The  suction  consists  of  a  6-foot 
length  of  pipe,  which  is  fastened  to  the  lower  end  of  the  work- 
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ing  barrel.  Figure  81.  Upon  the  auction  is  placed  another 
section  of  pipe,  with  an  inside  diameter  euch  that  it  will  slip 
OD  over  it  like  a  sleeve,  which  it  is  called.  The  lower  end  of 
this  pipe  is  provided  with  a  screen,  which  consists  of  a  piece 
of  wire  cloth  or  a  sheet  of  perforated  metal,  placed  over  the 
end  and  crimped,  in  the  former  case,  up  around  the  pipe,  be- 
ing held  in  place  by  wires  or  a  clamp.  Figure  81.  The 
screen  is  to  prevent  any  foreign  substance,  such  ae  sticks, 
hay,  old  hats,  pants,  boots,  and  in  fact  any  foreign  substance, 
being  drawn  up  into  the  column  pipe  from  the  sump,  and  so 
clogging  up  the  pipe  by  catching  in  the  valves.  The  total 
area  of  the  openings  in  the  screen  must  be  greater  than  the 
cross-section  of  the  pipe. 

The  sleeve  bearing  the  screen  must  fit  tightly  upon  the 
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suction,  which  is  accomplished  by  a  stuffing  box,  and  acts  as 
a  continuation  of  the  same,  thus  increasing  or  decreasing  its 
length  as  it  is  drawn  down  or  pushed  up.  It  also  prevents 
obstacles  entering  the  column  pipe  and  so  interfering  with 
the  working  of  the  valves.  Both  working  barrel  and  suction, 
complete,  are  shown  in  figure  2,  plate  XLIII. 

Method  of  Lengthening  Column  Pipe. — As  the  sinking 
operations  advance  and  the  sump  is  deepened,  the  column 
pipe  must  be  lengthened  to  maintain  its  position  at  the  bot- 
tom of  the  shaft  or  in  the  sump.  This  is  accomplished  by 
having  different  lengths  of  column  pipe,  which  vary  from  five 
to  twenty  feet,  generally  in  lengths  of  five,  ten,  fifteen  and 
twenty  feet.  When  the  sump  has  been  sunk  far  enough  to 
make  way  for  a  five- foot  length  of  pipe,  the  sleeve  is  pushed 
up  as  far  on  the  suction  as  it  will  go,  which  will  be  nearly 
its  own  length  ;  both  suction  and  sleeve  are  then  removed  to- 
gether and  a  five-foot  length  of  pipe  put  onto  the  end  of  the 
working  barrel.  The  suction  is  then  fastened  to  the  lower 
end  of  the  new  length  of  column  pipe  and  the  sinking  and 
pumping  operations  resumed.  The  sleeve  is  slipped  down 
upon  the  suction  as  the  sinking  of  the  shaft  proceeds  until 
the  end  of  the  suction  is  again  reached,  when  the  sleeve  again 
is  pushed  up  and  the  five-foot  length  of  pipe  removed,  a  ten- 
foot  length  being  put  on  in  its  place,  and  in  the  same  man- 
ner a  fifteen-  and  twenty-foot  length  is  added.  At  this  point 
the  twenty-foot  length  of  pipe,  together  with  the  working 
barrel,  is  removed  and  the  two  interchanged,  when  the  five- 
foot  length  is  again  started  with,  proceeding  upward  to  the 
twenty-foot  length.  With  every  twenty-foot  length  of  pipe, 
and  the  consequent  change  of  working  barrel,  an  addition  is 
made  to  the  pump  rod,  thus  allowing  the  valve  in  the  working 
barrel  to  maintain  its  position  with  respect  to  the  surface  of 
the  water  in  the  sump  (also  with  the  connection  above), 
which  will  vary  from  eight  to  ten  up  to  twenty-five  feet,  and 
will  be  the  actual  height  of  suction. 

Working  of  Barrel  Valves. — The  valves  used  in  the  work- 
ing barrel  are  of  several  varieties.  F,  figure  82,  is  a  form  of 
valve  occasionally  met  with  in  the  mines  of  the  district.     The 
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working  barrel,  A,  is  ehowa  ia  longitudinal  section  with  the 
valve,  B.     The  puoip  rod,  C,  ia  keyed  to  the  valve  casting  at 

D,  and  therefore  rises  and  falls  with  it.     The  top  of  the  valve, 

E,  fits  upon  a  turned  portion  of  the  rod  and  ia  free  to  move 
independent  of  the  rod.  The  lower  surface  of  the  top,  E,  is 
turned  with  a  convex  spherical  surface,  and  the  top  of  the 
valve  body,  B,  is  turned  with  a  concave  spherical  surface,  so 
that  the  contact  of  the  two  surfaces  so  finished  will  be  practi- 
cally water  tight. 

The  grooves,  F  and  O,  which  are  shown  here  in  section, 
pass  around  the  upper  part  of  the  valve  body.  Two  or  four 
channels,  as  H,  are  drilled  connecting  the  inside  of  Che  grooves 
with  the  space  above  the  valve.  The  grooves  are  fitted  with 
square  rubber  building. 

The  operation  of  the  valve  is  as  follows :  When  the  rod 
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bearing  the  valve  body  descends,  the  valve  passes  downward 
through  the  water,  the  top,  E,  being  raised,  however,  by  the 
upward  passage  of  the  water.  When  the  up  stroke  begins, 
the  cessation  of  rising  currents  of  water  along  with  the  weight 
of  the  water  above  the  valve  added  to  its  own  weight  causes 
the  top,  J5,  to  fall,  thus  closing  the  water  passage.  The  water 
above  the  closed  valve,  not  being  able  to  escape  through  the 
valve,  will  penetrate  any  crack  or  opening  which  may  present 
itself  in  the  valve  or  between  the  valve  and  the  working  bar- 
rel ;  this  is  prevented  by  its  entering  the  channels,  fT,  and 
forcing  the  building  out  against  the  sides  of  the  working  bar- 
rel, thus  making  the  valve  practically  water  tight. 

The  lower  edge  of  the  valve  body,  5,  is  cast  with  a  circular 
chamfered  edge,  so  that  there  will  be  less  resistance  to  its 
downward  passage  through  the  water. 

Another  form  of  working  valve  is  shown  in  figure  83.  It 
consists  of  a  cast  wheel.  A,  through  which  the  pump  rod  or 
''snake"  passes,  and  to  which  it  is  fastened.  This  wheel  is 
slightly  smaller  than  the  inside  diameter  of  the  pipe  or  barrel, 
so  that  it  will  readily  move  in  the  same.  A  section  of  the 
wheel  is  shown  at  B,  A  piece  of  rubber  gasket  or  belting  is 
cut  to  fit  the  top  of  the  wheel,  but  is  made  somewhat  larger, 
however,  and  is  fastened  to  the  top  of  the  wheel  by  a  lock 
nut,  which  aids  in  fastening  the  valve  to  the  pump  rod.  A 
piece  of  three-quarter-inch  square  canvas  building  is  tacked 
to  the  upper  surface  of  the  disk  of  gasket,  and  notched  at  two 
diametrically  opposite  points,  as  shown  at  L,  in  C  and  D. 
These  notches  are  to  allow  the  gasket  to  rise,  as  shown  at  0, 
in  D,  when  the  rod  descends  and  the  water  rises  through  the 
valve.  On  the  upstroke  of  the  rod  the  gasket  falls,  as  shown 
at  ^'in  D,  and  as  it  is  slightly  larger  in  diameter  than  the 
inside  of  the  pipe,  it  completely  fills  the  pipe,  as  it  rests  upon 
the  wheel  below,  and  will  raise  the  water  caught  above,  al- 
lowing but  little  slip  or  leakage.  This  form  of  valve  is  cheap, 
simple,  and  easily  repaired,  but,  due  to  the  action  of  acid 
waters,  it  soon  becomes  loose  on  the  stem  or  ** snake,"  and 
will  bind  in  the  working  barrel  and  may  break  the  stem, 
which  is  especially  true  when  working  with  a  quick  stroke. 
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Bobs. — So  far  we  have  considered  only  the  pump  proper — 
the  actuating  mechanism  and  power  end  will  now  be  con- 
aidered.  Transmission  of  the  power  from  the  engine  to  the 
pump  rod  is  an  important  consideration,  which  ie  accom- 
plished by  "bobs,"  "pendulume,"  or  walking  beams. 

Two  general  forms  are  seea  in  this  district,  one  the  straight 
beam,  the  other  the  angle-beam  bob.  There  are,  however,  a 
host  of  modifications  of  each  form.  The  straight-beam  bob 
is  shown  in  figure  79,  in  this  case,  however,  being  a  double- 
beam  bob.  One  engine  is  employed  in  driving  both  beams 
and  through  them  the  two  pumps. 

A  framework.  A,  supports  the  gearing,  B,  which  ie  driven 
by  a  pulley  on  a  shaft,  C.  Two  cranks,  D  and  E,  are  fastened 
to  either  end  of  the  shaft  supporting  the  large  spur  wheel. 
They  are  connected  with  the  fore  ends  of  the  beams,  F  and  O, 
by  pitman  rods,  while  the  opposite  or  rear  ends  of  the  I: 
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Fiff.  79.    Double  bob  Cornish  pump.    Side  elevmtion  and  plan. 
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are  fastened  to  the  pump  rods  by  pivot  clamps,  in  order  that 
the  pump  rods  may  be  lowered  or  lengthened  as  the  column 
pipes  are  lengthened. 

The  angle  bob  is  shown  in  figure  1,  plate  XLIII  and  figure 
80.  The  framework,  A,  supports  the  beam,  C.  The  timber, 
B,  is  at  right  angles  to  C,  and  is  securely  fastened  to  it  and 
braced  by  the  timbers,  D,  Power  is  applied  to  the  extremity 
of  B  by  means  of  a  pitman,  E,  which  is  connected  with  a  gear- 
ing not  shown  in  the  cut,  but  similar  to  that  shown  in  figure  79. 
A  counter  weight,  jP,  is  mounted  upon  and  fastened  to  the 
free  end  of  the  beam,  C,  so  as  to  make  the  working  of  the 
pump  more  smooth  and  uniform. 

The  adoption  of  either  of  these  forms  of  bobs  is  determined 
by  the  condition  met  with  at  the  mine  in  question,  but  some 
means  of  transforming  the  curvilinear  (or  rotary  motion) 
of  the  engine  or  gear  into  a  rectilinear  (or  straight  line  mo- 
tion) is  absolutely  necessary.  Furthermore,  the  transforma- 
tion must  result  in  a  vertical  rectilinear  motion,  as  the  pump 
rod  must  work  up  and  down  vertically. 

It  is  also  necessary,  both  in  order  to  avoid  useless  waste  of 
power  in  lifting  the  main  pump  rod  and  to  prevent  its  de- 
scending with  too  great  speed,  to  counterbalance  as  much  of 
the  weight  as  is  not  doing  useful  work.  This  is  readily  ac- 
complished by  the  balanced  bob  in  its  different  forms. 

STEAM    PUMPS. 

Although  the  first  cost  and  the  running  expenses  of  steam 
pumps  are  greater  than  that  of  the  Cornish  system,  yet  the 
convenience  in  handling  and  the  small  space  occupied  by 
these  pumps  are  much  in  their  favor.  A  serious  objection 
to  the  use  of  steam  in  the  mine  is  the  escape  of  the  exhaust 
steam,  which  not  only  adds  moisture  to  the  mine  air,  but 
also  increases  the  temperature,  both  of  which  add  to  the  dis- 
comfort of  the  men,  besides  rotting  the  mine  timber,  when 
timheriog  is  employed.  When  the  pump  is  located  in  the 
shaft,  the  exhaust  steam,  as  well  as  the  radiation  from  the 
pipes,  may  materially  facilitate  the  v(  niilation,  but  when  lo- 
cated at  a  distance  from  the  shaft,  some  form  of  condenser 
should  be  employed.     As,  however,  these  pumps  are  rarely 
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used,  except  in  the  sump,  being  located  in  abandoned  or  air 
shafts,  there  is  little  or  no  objection  to  their  use  in  this  dis- 
trict. 

DiRBCT-ACTING  PlUNGER  AND    PiSTON    PUMPS. —  Most  of  the 

steam  pumps  used  are  direct-acting  force  pumps,  and  are 
plunger  or  piston  pumps,  depending  on  whether  they  are  to 
work  at  high  or  low  pressure,  and  are  generally  of  the  du- 
plex type. 

Steam  sinking  pumps,  suspended  in  the  shaft  by  chains  or 
hooks,  are  becoming  of  common  occurrence. 

As  the  height  to  which  the  mine  waters  have  to  be  lifted 
in  order  to  be  expelled  from  the  mine  is  comparatively  slight, 
the  problem  of  pumping  has  as  yet  presented  no  serious  or 
diflScult  features ;  therefore,  any  form  of  steam  pump  which 
does  good  work  at  from  250  to  300  feet  can  be  relied  upon  to 
work  satisfactorily  in  this  district,  except  where  acid  waters 
are  prevalent. 

Thb  Rotary  Pump. — The  principal  form  of  rotary  pump  in 
this  district  is  the  Miracle  pump.  Plate  XLV.  The  essential 
features  of  this  pump  are  :  First,  a  double  cylinder,  in  which 
rotate  two  cog  wheels  with  V-shaped  cogs,  which  fit  closely  to 
the  side  of  the  cylinder,  the  cogs  of  which  fit  into  each  other 
closely,  making  practically  a  water-tight  connection,  yet  move 
smoothly  and  with  little  friction ;  second,  the  shafts  bearing 
the  cogs  are  driven  either  by  belt  or  by  a  vertical  shaft.  One 
of  the  shafts  may  be  called  the  drive  shaft,  which  causes  the 
other  to  rotate  by  two  small  cog  wheels,  one  upon  either  shaft. 
For  sinking  purposes  or  for  a  shaft  pump,  the  vertical  form 
is  employed,  in  which  case  the  power  shaft  reaches  from  the 
surface  to  the  pump  below  and  is  usually  driven  by  a  belt 
from  the  bolster  engine.  The  horizontal  form  of  rotary 
pump,  which  is  used  either  on  the  surface  or  in  some  part 
of  the  worked-out  portion  of  the  mine,  is  usually  driven  by  a 
belt ;  if  above,  by  a  belt  from  the  bolster  engine  ;  if  below,  by 
.a  small  stationary  engine  placed  near  the  pump. 

It  is  possible  to  employ  the  vertical  form  of  rotary  pump 
in  any  part  of  the  mine  proper,  by  drilling  a  hole  through 
the  roof  and  introducing  the  shaft  through  this  hole  from 
21-viii 
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the  engine  above  to  the  pump  below ;  thus  the  pump  may  be 
operated  at  any  point  desired  in  the  mine  below. 

Neither  this  nor  any  other  form  of  rotary  pump  has  met 
with  much  favor  in  this  district,  due  probably  to  the  fact  that 
the  mine  waters  are  very  acid,  and  therefore  any  pump  which 
depends  upon  close-fitting^  parts  for  proper  working  will  not 
last  long,  and  therefore  not  be  very  satisfactory.  Any  grit 
being  drawn  into  the  cylinder,  and  passing  between  the  cogs 
and  the  surface  of  the  cylinder  in  the  course  of  its  discharge 
from  the  cylinder,  will  tend  to  wear  the  same  and  the  cogs  rap- 
idly, which  with  the  acid  water  soon  incapacitate  the  pump. 

Plate  XLV  shows  two  of  the  cog  wheels,  one  on  either  side 
of  the  pump,  which  operate  in  the  double  cylinder. 

MilllPunips. 

The  pumps  employed  about  the  mill  are  designed  for  lifting 
large  quantities  and  often' dirty,  slimy  water  short  distances, 
seldom  exceeding  thirty-five  feet.  These  pumps  are  em- 
ployed for  draining  shallow  strip  pits,  for  pumping  water, 
necessary  in  the  concentrating  works,  from  the  mill  pond  to 
a  tank  in  the  upper  part  of  the  mill  building,  or  for  handling 
and  transferring  slime  from  one  level  to  another,  in  the  sys- 
tem of  ore  dressing. 

CENTBIFUGAL   PUMPS. 

The  centrifugal  pump  is  the  most  common  form  of  mill 
pump  employed  in  this  district,  although  occasionally  a  pul- 
someter  is  used  for  pumping  water  from  the  pond  to  the  mill. 
Slimes  are,  however,  seldom  or  never  handled  by  a  pulsom- 
eter.  Rotary  pumps  are  occasionally  employed  in  handling 
wash  and  boiler  water  in  the  milling  operations. 

Front  and  side  views  of  the  common  cast  iron  form  of 
centrifugal  pump  are  shown  in  figures  84  and  85.  Two  forms 
made  of  wood,  all  but  the  revolving  part,  are  shown  in  fig- 
ures 86  and  87. 

The  pump  consists  in  all  cases  of  two  hollow  parts  or  shells, 
which,  when  bolted  together,  form  an  air  and  water  tight 
cavity.  The  cavity  is  spiral-shaped,  increasing  in  size  from 
about  an  inch  near  the  discharge  pipe  at  the  top  to  the  full 
size  of  the  delivery  pipe  at  the  bottom,  which  is  eight ,  nine 
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or  ten  inches  in  diameter.  The  form  of  the  cavity  or  spiral- 
shaped  passage  formed  by  the  two  hollow  parts  is  shown  in 
figure  85,  which  shows  a  corresponding  enlargement  on  the 
outside  of  the  casting.  When  wooden  pumps  are  used,  the 
spiral  passage  is  chiseled  out  and  is  of  the  same  shape,  for 
the  same  capacity,  as  in  the  iron  pumps. 


Vlg.   84.    Metal  centrifugal  pump. 

Water  is  drawn  in  through  the  pipe  attached  to  the  center 
of  the  side  casting  or  part,  when  it  is  caught  by  a  wheel  pro- 
vided with  curved  arms  or  blades,  which  rotates  in  the  direc- 
tion opposite  the  curve  of  the  arms.  By  this  arrangement 
the  water  is  thrown  outward  by  centrifugal  force  and  is  caught 
and  conducted  by  the  spiral-shaped  passage  to  the  discharge 
pipe.  The  spur  wheel  referred  to  above  is  commonly  known 
as  a  ''spider,"  and  is  fastened  to  the  end  of  a  shaft,  which  is 
driven  by  a  belt  pulley.  The  pump,  whether  iron  or  wood, 
rests  on  a  framework  of  iron  or  wood,  which  in  turn  is  fast- 
ened to  a  rigid  support  or  foundation. 

Centrifugal  force  and  the  propellent  action  of  the  blades  of 
the  wheel  both  act  in  raising  the  water  from  the  sump  to 
pump  and  from  pump  to  discharge  point,  and  the  ratio  of 
these  two  forces  is  in  direct  proportion  to  the  ratio  of  speed 
of  pump  and  height  of  lift. 

The  different  forms  of  iron  pumps  are  probably  easier  to 
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handle  than  are  the  wooden  pumpa,  but  on  account  of{acid 
waters  the  wooden  pumps  are  coming  into  more  general  use. 
Wooden  column  pipes  are  also  replacing  the  iron  suction  and 
discharge  pipes  of  the  centrifugal  pumps.  A  wooden  cen* 
trifugal  pump  with  wooden  column  pipe  is  shown  in  figure  1, 
plate  L. 


rig.  M.    Side  view  of 


Several  forms  of  these  wooden  pumps  have  been  patented, 
one  of  the  latest  of  which  consists  of  an  iron  box  which  ia 
lined  with  wood  in  which  the  apiral-shaped  passage  is  cut ; 
the  iron  box  simply  holds  the  woodea  channel  in  position 
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and  foriDB  a  firm  support  for  the  suction  aad  discbarge  pipe, 
as  well  as  strong  and  stable  bearings  for  the  shaft  which 
bears  the  spider. 

THE   PULSOMKTEK. 

Occasionally  a  pulsometer  is  met  with  in  this  district,  but 
as  the  lifting  power  is  slight,  and  as  most  of  the  water  is 
acid,  aad  in  many  cases  gritty,  this  form  of  pump  is  not  ap- 
plicable for  the  kind  of  work  usually  done.  The  pulsometers 
are,  however,  better  adapted  to  the  handling  of  acid  waters 
than  piston  and  plunger  pumps,  except,  possibly,  for  a  de- 
fective valve  action,  due  to  corrosion. 

There  are  several  forms  of  pumps  which  operate  on  the 
same  principle  as  the  pulsometer.  For  instance,  the  Emer- 
son pump,  which  employs  steam  as  the  piston  for  moving  the 
water,  and  is  therefore  very  wasteful  of  steam,  and  conse- 
quently rather  ineflScient.  This  is  especially  true  when  they 
are  employed  as  mine  pumps,  as  the  mine  waters  are  rather 
cool,  and  a  large'amount  of  condensation  takes  place,  which 
requires  a  large  boiler  capacity,  and  are  therefore  expensive 
to  operate.  There  is,  however,  an  advantage  in  the  use  of 
such  pumps  as  far  as  the  acid  waters  are  concerned,  for  the 
reason  that  any  corrosion  of  the  interior  of  the  pump,  there- 
fore, enlargement  of  the  pump  cavity,  will  not  affect  in  the 
least  the  working  of  the  same,  except  when  the  valve  is  acted 
upon  by  the  acid  waters,  which,  of  course,  results  in  a  waste 
of  steam  and  ultimately  a  stoppage  of  the  pump. 
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VENTILATnra  maohinebt. 

There  is  little  use  for  ventilating  machinery  in  the  mines 
of  this  district,  for  the  reasan  that  a  natural  circulation  is 
usually  set  up  in  the  mine  by  conditions  usually  existing, 
such  as  a  difference  in  elevation  between  the  mouths  of  two 
or  more  shafts  connecting  with  the  same  workings,  the  drip- 
ping of  the  water  in  the  hoisting  or  pump  shaft,  and  by  the 
use  of  the  compressed  air  or  steam  drills  which  supply  a 
large  amount  of  fresh  air  in  the  mine  below  or  heat  the  air 
up,  which,  combined  with  the  natural  tendency  towards  cir- 
culation, will  usually  produce  a  fairly  good  atmosphere.  The 
mine  workings  are  not  very  extensive,  comparatively  speak- 
ing, and,  therefore,  the  quantity  of  air  that  it  is  necessary  to 
supply  is  not  very  great. 

As  natural  ventilation  is  almost  universally  depended  upon, 
ventilating  machinery  is  seldom  employed.  Occasionally 
blowers  are  employed  where  the  ventilation  is  defective  and 
the  natural  circulation  is  hard  to  establish  and  maintain,  in 
which  case  a  blower  is  installed  at  the  mouth  of  the  hoisting 
shaft.  It  is  connected  with  the  workings  below  by  tin  and 
canvas  spouts,  and  is  generally  operated  by  the  hoisting  en- 
gine. It  will  therefore  work  intermittently,  forcing  in  fresh 
air  only  when  the  hoisting  engine  is  at  work.  In  most  cases 
this  is  sufficient  to  maintain  good  air  below. 

Where  there  is  only  one  shaft  to  a  mine  ventilation  be- 
comes more  difficult,  but  even  then  it  is  not  a  difficult  task. 
The  two  sections,  ^  and  S,  in  figure  88,  show  typical 
methods  of  ventilating  a  mine  with  only  one  shaft.  As  seen 
at  ^,  a  canvas  tube  is  kept  expanded  by  means  of  hoops  and 
is  lowered  into  the  mine  and  properly  supported  at  the  sur- 
face. Above  the  supporting  frame  the  canvas  is  not  sewed 
together  in  the  shape  of  a  tube,  but  is  attached  to  a  straight 
piece  of  wood  or  is  fastened  to  a  rope  along  the  free  edge,  by 
which  it  is  supported  above  the  mouth  of  the  shaft.  The  air 
impinging  against  the  sheet  or  "sail"  is  forced  downward 
into  the  mine.     The  fresh  air  entering  the  mine  displaces  the 
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vitiated  air  below,  which  riees  in  the  shaft  beside  the  canvas 
tube  and  escapes  at  the  mouth. 

At  S  is  shown  another  method  of  Tentilating  a  mine  with 
a  single  outlet. 

A  canvas  tube  similar  to  that  used  in  S  is  supported  in  the 
shaft  in  a  somewhat  similar  manner.  Part  way  down  the 
tube  a  length  of  stovepipe,  L,  is  inserted,  forming  part  of  the 
tube,  and  in  this  pipe  is  hung  a  large  lamp,  0.  The  lamp  is 
suspended  by  a  long  wire  loop  or  bail,  and  as  the  air  about  it 
becomes  heated  it  rises,  and  so  sets  up  a  circulation,  the 
heated  air  rising  through  the  tube,  while  the  cooler  air  from 
without  the  mine  passes  down  the  shaft  beside  the  tube,  and 
80  takes  the  place  of  the  foul  air  below. 
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OOBBELATION. 

The  treating  of  ores  in  nearly  all  mining  districts  is  at  first 
crude  and  primitive,  and  usually  continues  so  until  the  value 
of  the  deposit  or  deposits  has  been  proven.  Later,  if  the  de- 
posits are  found  to  be  sufficiently  rich,  concentrating  plants 
are  erected,  and  the  ores  treated  on  a  large  scale  and  accord- 
ing to  modern  methods.  In  all  lead  and  zinc  districts  es- 
specially,  the  hand  jig  is  the  first  piece  of  concentrating 
apparatus  on  the  ground,  and  is  usually  the  last  to  leave. 
It  is  also  used,  more  or  less,  throughout  the  life  of  the  camp, 
either  to  treat  small  quantities  of  ore,  as  in  making  tests  pre- 
paratory to  installing  a  plant,  or  by  prospectors  and  small 
mine  owners. 

The  only  forms  of  reducing  apparatus  used  in  the  early 
and  more  or  less  experimental  operations  of  a  camp  are  the 
bucking  board  and  sledge.  These  also  are  continued  in  use 
for  the  same  reason  that  the  hand  jig  is,  regardless  of  the 
subsequent  growth  of  the  industry,  and,  when  in  the  hands 
of  skilled  operators,  these  earlier  and  cruder  forms  of  appa- 
ratus are  very  effective  and  efficient.  We  have,  however,  in 
this  connection  to  do  mainly  with  the  method  of  treating  ore 
as  carried  on  in  the  larger  mills. 

A  few  remarks  in  review  on  the  methods  of  mining,  trans- 
porting, sizing  and  hoisting  may  not  be  out  of  place  at  this 
point. 

Mining. 

The  method  of  mining,  i.  e.,  extracting  the  ore,  is  what 
may  be  called  ''underhand  stoping,"  and  consists  of  running 
a  drift  and  lifting  or  stoping  up  the  floor ;  the  arrangement 
of  the  mine  being  such  that  gravity  assists  in  transferring 
the  ore  from  the  face  to  a  point  as  near  the  foot  of  the  shaft 
as  is  possible  and  convenient. 

When  soft  ground  is  worked,  drifts  are  run  as  in  hard 
ground  ;  then  side  drifts  are  run  by  the  side  of  and  parallel 
with  the  original  drift  or  drifts,  thus  extending  laterally  un- 
til the  deposit  has  been  worked  out  on  the  level  of  the  drifts. 
The  supports  for  the  worked-out  portion  are  then  removed 
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or  blasted  out,  allowing  the  roof  to  fall  upon  the  sills  and  other 
remaining  timbers  of  the  drifts.  Work  in  the  deposit  is  then 
continued  by  a  series  of  sub-side  drifts  extending  across  the 
deposit  laterally,  and  the  operation  is  repeated  from  above 
downward  until  the  deposit  has  been  exhausted. 

Trail  spor  ting. 

The  ore,  having  been  loosened,  is  transferred  to  the  foot 
of  the  shaft,  usually  in  tubs,  placed  upon  small  cars,  and 
trammed  by  man  power.  At  the  shaft,  the  bucket  is  trans- 
ferred from  the  car  to  the  hoisting  rope  or  cable,  and  is  thus 
brought  to  the  surface. 

As  most  of  the  shafts  are  at  some  distance  from  the  con- 
centrating plants,  the  ore  must  be  trammed  from  the  shaft 
to  the  mill,  usually  on  a  high  trestle  work,  which  supports 
the  track  upon  which  the  cars  are  run  back  and  forth. 

In  some  cases  self-acting  planes  are  employed  in  transfer- 
ring the  ore  from  the  shaft  to  the  mill,  and  the  empty  car 
from  the  mill  to  the  shaft. 

Uoistiiigr. 

The  ore  is  hoisted  from  the  mine  in  wooden  or  iron  buck- 
ets, holding  from  200  to  500  pounds.  Ropes  or  cables  are 
employed  as  the  hoisting  medium,  which  are  wound  upon 
some  form  of  hoisting  apparatus,  such  as  the  horse-power 
hoist,  or  whim,  or  some  form  of  friction  gear  steam  hoist. 
In  a  few  instances  whims  of  the  Mexican  malacate  type  are 
employed,  which  are  drums  mounted  on  a  vertical  shaft 
turned  by  horse  power. 

As  yet  cages  are  of  rare  occurrence,  as  the  mining  opera- 
tions have  not  extended  to  sufficient  depth  to  warrant  the 
employment  of  the  same,  and,  therefore,  the  capacity  of  the 
hoisting  apparatus  used  at  present  is  limited. 

Sizing:. 

The  mine-run  material  on  entering  the  mill  is,  in  some 
cases,  passed  over  parallel  bar  screens  or  grizzlies  to  separate 
the  finer  material  from  the  boulders,  which  have  to  undergo 
further  reduction,  usually  by  means  of  the  sledge. 

Other  forms  of  sizing  apparatus,  such   as   rotating  and 
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shaking  screens,  are  located  at  various  points  throughout  the 
mill  to  regulate  the  size  of  material  delivered  to  the  various 
concentrating  apparatus.  The  more  common  form  is  the 
revolving  screen  or  trommel,  which  is  usually  interposed  be- 
tween a  set  of  rolls  and  a  jig.  These  separate  the  coarser 
from  the  finer  material,  thus  preventing  a  waste  of  time 
and  energy  in  treating  material  (in  a  certain  machine)  which 
is  undersized  or  oversized. 

OONOENTRATION. 

The  ore  on  entering  the  mill  may  be  hand  sorted  and  sized, 
as  referred  to  above,  and  is  then  fed  to  the  crusher,  usually 
the  Blake  type  (9"xl5").  From  the  crusher,  the  partly  re- 
duced ore,  ranging  in  size  from  one-half  to  one  inch  in  di- 
ameter, is  fed  to  the  first  set  of  rolls  (usually  twenty-four 
to  thirty  inches  in  diameter  by  fourteen  to  sixteen  inches  in 
width)  placed  below  and  in  front  of  the  crusher  frame,  and 
is  fed  by  wooden  spouts,  often  lined  with  iron,  which  extend 
from  the  crusher  to  the  rolls  below.  The  ore  is  then  delivered 
to  an  elevator,  which  in  turn  delivers  it  to  the  first  revolving 
screen  (one-half  to  five-eighths  inch  mesh). 

Any  oversized  material  not  passing  through  the  mesh  of 
the  screen  is  returned  to  the  second  set  of  rolls,  usually  of  the 
same  size  as  the  first  set,  but  set  closer  together,  and  is  again 
run  through  the  screen.  This  second  operation  is  repeated 
until  all  is  reduced  to  the  size  of  the  mesh  of  the  screen  and 
under.  This  second  set  of  rolls  must  be  set  to  crush  finer 
than  the  first  set,  in  order  to  insure  the  passing  of  all  the 
material  through  the  screen  on  its  second  passage.  The 
product  passing  the  screen,  or  the  undersize,  is  delivered  to  a 
five  cell,  or  compartment,  rougher  jig.  (Size  of  cells,  30x42 
inches.) 

The  compartments  of  the  rougher  jig  are  provided  with 
grating  of  one-eighth  inch  openings. 

The  shaft  speed  of  the  rougher  is  in  the  neighborhood  of 
175  revolutions  per  minute.  The  free  chert  or  tailings  may 
pass  from  the  jig  to  the  tailings  pile,  but  to  insure  against 
any  possible  loss  of  mineral  they  are  usually  sent  to  the 
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second  set  of  rolls,  sized,  and  returned  to  the  rougher,  while 
the  free  or  partially  clean  mineral  passes  through  the  bed  of  the 
jig  and  comprises  the  *' hutch"  of  the  rougher,  which  is  com- 
monly known  as  '*smittem."  It  is  conducted  to  the  foot  of 
an  elevator  (smittem)  by  which  it  is  delivered  to  the  cleaner 
jig;  the  combined  mineral  and  chert,  called  ''chats,"  which 
comes  from  the  bed  of  mineral  on  the  screens  of  the  rougher, 
is  delivered  to  another  elevator  (chats),  which  elevates  it  to 
a  launder,  through  which  it  is  conducted  to  a  third  set  of  rolls. 
Here  it  is  further  reduced,  and  discharged  into  the  elevator 
handling  the  material  from  the  first  set  of  rolls,  thence  by 
revolving  screen  to  the  rougher  jig.  It  is  evident,  therefore, 
that  only  the  hutch  of  the  rougher  reaches  the  cleaner,  the 
chats  being  reduced  until  it  also  enters  the  hutch  of  the 
rougher  or  becomes  smittem,  when  it  is  prepared  to  enter  the 
cleaner. 

The  speed  of  the  counter-shaft  of  the  cleaner  jig  is  about 
300  revolutions  per  minute.  When  the  shaft  is  in  two  sec- 
tions, the  speeds  are  300  and  350  revolutions  per  minute,  re- 
spectively. The  jig  has  six  compartments  (30x36  inches), 
which  are  furnished  with  wire  cloth  having  a  mesh  varying 
from  four  to  six  to  the  inch.  Clean  concentrates  are  obtained 
both  in  the  bed  and  hutch  of  the  first  four  or  five  cells.  Both 
hutch  and  discharge  from  the  first  cell  are  at  least  galena, 
while  the  product  of  the  last  two  or  three  cells  is  usually  re- 
treated by  returning  to  the  elevator  which  feeds  the  cleaner. 
The  waste  from  the  cleaner  escapes  into  a  launder,  which 
bears  it  to  the  outside  of  the  mill  to  the  tailings  pile,  or,  in 
the  latest  practice,  to  classifiers  or  hydraulic  separators. 

Figure  32  shows  the  general  arrangement  of  a  jig  room,  with 
the  relative  size  and  arrangement  of  jig,  elevators,  launders, 
etc.,  etc.,  while  the  arrows  indicate  the  direction  of  the  flow 
of  feeds  and  discharges. 

When  sand  jigs  are  employed,  the  material  from  the  last 
few  cells  of  the  cleaner,  or  the  discharge  products  from  the 
classifiers,  are  delivered  to  the  same.  These  jigs  have  a  shaft 
speed  of  350  to  450  (even  up  to  600)  revolutions  per  minute, 
and  usually  from  five  to  six  compartments  (24x36  inches, 
and  are  furnished  with  twelve  to  fourteen  mesh  screens) . 
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When  slime-washing  apparatus  are  employed,  the  prelimi- 
nary work  is  done  by  rolls  and  jigs,  the  fine  slime  from  the 
sand  jigs  being  delivered  to  buddies  and  tables,  from  which 
the  waste  material  escapes  to  the  tailings  pile. 

Usually,  however,  the  slime-washing  apparatus  are  located 
in  separate  mills,  which  are  designed  especially  to  operate 
upon  the  refuse  from  the  other  concentrating  plants,  in  which 
case  the  jigs  are  usually  dispensed  with. 

The  concentrating  mills  of  this  district  can  then  be  placed 
in  three  classes,  according  to  the  method  of  treating  slimes : 
First,  mills  employing  classifiers ;  second,  mills  in  which  no 
systematic  attempt  is  made  to  save  the  slimes,  except  to 
allow  them  to  run  first  into  a  settling  box,  the  settlings  being 
sold  to  the  third  class  or  the  sludge  mills. 

The  synopses  of  a  few  of  the  methods  employed  in  different 
portions  of  the  district  will  be  given,  and  may  be  considered 
as  typical  of  the  systems  generally  employed.  They  will  be 
considered  by  class,  in  the  order  given  above  : 

Class  I. 

Ore  hoisted  to  1. 

1.  Crusher  room;  ore  to  2. 

2.  Grizzly,  5-inch  spaces;  yields  oversize  to  3,  undersize  to  4. 

3.  Sledge;  waste  to  21,  ore  to  4. 

4.  Shaking  grizzly,  l^-inch  spaces;  yields  oversize  to  5,  undersize  to  6. 

5.  Blake  crusher,  9 x  14-inch  jaw,  reducing  to  |  inch;  ore  to  6. 

6.  Rolls;  ore  by  elevator  to  7. 

7.  Trommel,  §-inch  holes;  yields  oversize  to  8,  undersize  to  9. 

8.  Rolls;  ore  by  elevator  to  7. 

9.  Harz  jig  (five  sieves),  i-inch  spaces;  yields,  first,  discharge  galena  to 

16,  hutch  to  15;  second,  discliarge  blende  to  17,  hutch  to  15;  third, 
discharge  middlings  to  10,  hutch  to  15;  fourth,  discharge  middlings 
to  10,  hutch  to  15;  fifth,  discharge  middlings  to  10,  hutch  to  15, 
waste  to  18. 

10.  Rolls;  ore  by  elevator  to  11. 

11.  Trommel,  i-inch  holes;  yields  oversize  to  10,  undersize  to  12. 

12.  Spitz  kasten;  yields  spigot  to  13,  discharge  to  14. 

13.  Harz  jig  (five  sieves),  5  mesh  to  inch;   yields,  first,  discharge  ga- 

lena to  16,  hutch  blende  to  17;  second,  discharge  blende  to  17, 
hutch  blende  to  17;  third,  discharge  blende  to  17,  hutch  blende  to 
17;  fourth,  discharge  blende  to  17,  hutch  blende  to  17;  fifth,  dis- 
charge blende  to  17,  hutch  blende  to  17,  discharge  to  19. 

14.  Spitz  kasten  (three  boxes) ;  yields  first,  second  and  third  spigots  to 

13,  discharge  to  20. 


Cka  N  K .  ]  Concentration .  329 

15.  Harz  jig  (five  sieves) ,  10  to  12  mesh  to  the  inch;  yields,  first,  discharge 

blende  to  17,  hutch  galena  to  16;  second,  discharge  blende  to  17, 
hutch  blende  to  17;  third,  discharge  blende  to  17,  hutch  blende  to 
17;  fourth,  discharge  blende  to  17,  hutch  blende  to  17;  fifth,  dis- 
charge blende  to  17,  hutch  blende  to  17,  waste  to  21. 

16.  Galena  to  bin. 

17.  Blende  to  bin. 

18.  Spitz  kasten;  yields  spigot  to  13,  discharge  to  14. 

19.  Spitz  kasten;  yields  spigot  to  14,  discharge  to  20. 

20.  Settling  pond;  water  to  22. 

21.  Dump. 

22.  Mill-water  pond. 

Class  IL 

An  outline  of  the  system  of  concentration  of  lead  and  zinc 
ores  as  employed  in  the  Commercial  mill  on  the  Apple  Jack 
ground,  in  the  Galena  portion  of  the  district,  will  serve  to 
illustrate  the  second  class.  This  mill  is  a  two-story  or  ''grav- 
ity'' mill,  which  is  a  radical  departure  from  the  usual  plan 
of  mill  construction.  Here  two  rougher  jigs  occupy  the 
second  door,  while  the  cleaners  are  placed  on  the  first  floor. 
The  idea  of  the  arrangement  is  to  prevent  reelevating  a  large 
amount  of  the  material  treated ;  yet  it  either  requires  two 
jig  men,  one  for  each  floor,  or  means  that  one  must  be  pass- 
ing between  the  two  floors.  The  former  arrangement  is  ex- 
pensive, while  the  latter  is,  to  say  the  least,  hard  on  the  jig 
man. 

Ore  hoisted  to  1. 

1.  Crusher  room;  ore  to  2. 

2.  Grizzly,  IJ  inch  spaces;  yields  oversize  to  3,  undersize  to  4. 

3.  Blake  crusher,  reducing  to  i  inch;  ore  to  5. 

4.  Rolls  No.  2;  ore  by  elevator  to  6. 

5.  Rolls  No.  1;  ore  by  elevator  to  6. 

6.  Trommel,  |-inch  holes;  yields  oversize  to  7,  undersize  to  8. 

7.  Rolls  No.  3;  ore  by  elevator  to  6. 

8.  Two  Harz  jigs  (six  sieves)  i-inch  spaces;  yields,  first,  discharge  ga- 

lena to  13,  hutch  to  10;  second,  discharge  middlings  to  9,  hutch  to 
10;  third,  discharge  middlings  to  9,  hutch  to  10;  fourth,  discharge 
middlings  to  9,  hutch  to  7;  fifth,  discharge  middlings  to  9,  hutch 
to  10;  sixth,  discharge  middlings  to  9,  hutch  to  10,  tailings  to  15. 

9.  Rolls  No.  4;  ore  by  elevator  to  6. 

10.  Two  Harz  jigs  (five  sieves),  5  mesh  to  inch;  yields,  first,  discharge 

blende  to  14,  hutch  galena  to  13;  second,  discharge  blende  to  14; 
hutch  blende  to  14;  third,  discharge  blende  to  14,  hutch  blende  to 
to  14;  fourth,  discharge  blende  to  14,  hutch  blende  to  14;  fifth, 
discharge  product  to  11,  hutch  product  to  11,  tailings  to  15. 

11.  Spitz  kasten;  yields  spigots,  1st,  2d,  3d,  and  4th,  to  12. 
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12.  Bin,  sold  to  custom  mills. 

13.  Galena  to  bin. 

14.  Blende  to  bin. 

15.  Dump. 

This  arrangement  of  concentrating  apparatus  is  probably 
more  typical  than  the  one  given  above,  with  the  exception  of 
the  two-story  arrangement.  A  few  mills  in  the  Joplin  por- 
tion of  the  district  are  built  along  the  same  lines,  of  which 
the  Lackawanna,  of  Ohitwood  hollow,  is  an  example. 

Glass  IIL 

The  arrangement  and  system  of  concentration  employed  in 
the  third  class  can  be  readily  shown  by  the  following  outline, 
which  is  taken  from  Allen  Bros.'  sludge  mill,  situated  just 
west  of  the  Jim  Murphy  custom  mill,  Galena. 

Ore  hauled  by  wagon  to  1. 

1.  Mill ;  ore  fed  to  2. 

2.  Trommel,  iS-inch  holes ;  yields  oversize  to  3,  undersize  to  4. 

3.  Elevator  to  7. 

4.  Buddie  (22  feet  in  diameter) ;  yields,  first,  12  inches  to  5 ;  second,  12 

inches  to  5;  third,  12  inches  to  5,  waste  (tailings)  to  11. 

5.  Buddie  (20  feet  in  diameter) ;  yields,  first,  6  inches  to  6 ;  next,  12 

inches,  with  first  12  inches  of  4,  to  5 ;  next,  12  inches  to  5. 

6.  Hand  huddle  (4x8  feet) ;  yields,  first,  12  inches  to  10;  next,  24  inches 

to  6. 

7.  Hand  jig,  i-inch  spaces;  yields  discharge  middlings  (chats)  to  8, 

hutch  (smittem)  to  9. 

8.  Bin;  sold  to  custom  mills. 

9.  Hand  jig,  J-inch  spaces,  with  filter  bed  of  ore  or  scrap  iron ;  yields 

heads  on  bed  to  10,  hutch  to  10. 

10.  Blende  to  bin. 

11.  Dump. 

The  system  of  treatment  employed  in  the  sludge  mills  is 
flexible  and  varied  as  the  ore  varies  in  richness. 

DRAINAQE. 

As  the  floor  area  of  the  mines  is  small,  and  as  its  forming 
is  wholly  under  the  control  of  tho  miner,  almost  any  ar- 
rangement to  facilitate  the  drainage  may  be  obtained.  Usu- 
ally the  *'sump"  is  the  lowest  point  of  the  working,  so  that 
all  water  collects  at  that  point,  from  which  it  may  be  pumped 
by  different  forms  of  pumping  appliances. 

As  the  mines  are  comparatively  shallow,  little  or  no  diffi- 
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culty  is  experienced  in  freeing  them  from  any  excess  of  water, 
except  in  those  cases  where  an  extra  large  amount  is  un- 
avoidable, due  to  a  return,  through  fissured  ground,  of  water 
expelled  or  an  inflow  from  other  workings,  and  possibly  the 
occurrence  of  **vadose"  or  underground  waters  under  slight 
pressure. 

VENTILATION. 

The  question  of  ventilating  the  mines  in  this  district  is 
comparatively  simple :  First,  as  there  are  no  noxious  and 
offensive  gases  associated  with  the  formation  ;  second,  as  the 
workings  are  shallow. 

As  a  rule,  there  is  only  one  opening  to  a  mine.  Occasion- 
ally there  are  two,  where  two  mines  on  adjoining  properties 
have  been  worked  together  and  one  large  cavity  results. 
Figure  88.  In  such  a  case  currents  of  air  are  set  up  in  one 
direction  or  another,  and  one  shaft  becomes  by  natural  selec- 
tion the  upcast  and  the  other  the  downcast.  This  selection 
of  the  direction  of  the  air  current  is  partially  governed  by 
prevailing  conditions,  such  as  a  wet  and  dry  shaft,  the  mouth 
of  one  shaft  being  more  elevated  than  the  other,  etc.  The 
air  currents  are  easily  regulated  and  directed  ;  for  instance,  a 
wet  shaft  may  cool  the  air  to  such  an  extent  that  a  down 
current  results ;  an  elevated  shaft  may  so  cool  the  air  that 
in  warm  weather  a  down  current  is  set  up,  while  in  cool 
weather,  the  air  in  the  shaft,  being  warmer  than  that  outside, 
rises.  This  reversal  of  air  current  may  take  place  at  night 
and  in  the  morning,  making  two  complete  reversals  for  the 
day,  but  is  more  marked  in  the  change  from  summer  to  win- 
ter and  from  winter  to  summer.  The  cut  shows  the  direc- 
tion of  the  current  in  winter. 
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THEOBY  OF  QBE  OONOENTBATION. 

Concentration  may  be  effected  with  little  or  no  sizing,  as 
in  the  English-American  method,  or  with  close  sizing,  ac- 
cording to  the  continental  method.  The  former  method  is 
the  more  closely  adhered  to  in  the  Galena  district. 

The  three  fundamental  operations  constituting  ore  con- 
centration are  :    Reduction,  sizing,  and  sorting. 

Reduction* 

Reduction  is  accomplished  by  means  of  crushers  and  rolls. 

THE    BLAKE   CRUSHER. 

The  Blake  crusher  and  its  modifications  are  the  forms  used, 
and  do  the  preliminary  crushing,  with  the  exception  of  a  cer- 
tain amount  of  sledge  work  done  on  the  larger  masses  of  ore 
and  gangue  brought  to  the  crusher  room.  The  Blake  crusher 
is  well  adapted  to  the  crushing  of  large  sizes,  as  the  maximum 
power  is  applied  at  the  top  of  the  jaw.  The  power  then  di- 
minishes with  the  size  of  the  material  crushed  as  it  passes 
through  the  crusher. 

ROLLS. 

The  rolls  receive  the  partially  crushed  material  and  com- 
plete the  reduction.  They  furnish  an  excellent  form  of  re- 
duction machinery,  as  they  are  inexpensive  and  give  fairly 
uniform  results,  while  the  wearing  surface  is  small. 

The  size  of  the  roll  should  vary  somewhat  with  the  size  of 
the  material  crushed,  but  this  is  rarely  done;  rather,  the 
pressure  holding  the  rollers  together  is  increased.  This  is 
probably  the  reason  why  so  many  shells  are  broken.  Theo- 
retically, the  size  is  limited  by  the  coefficient  of  friction  of 
rolls  and  mineral,  but  it  varies  with  the  shape  and  character 
of  material  crushed,  also  the  degree  of  hardness  of  the  iron 
or  metal  forming  the  shells  of  the  roll,  and,  finally,  the  speed 
or  rate  of  driving. 

The  capacity  of  rolls  varies  with  the  diameter,  width  of 
face,  the  distance  between  rollers,  and  the  speed.  There 
are,  however,  certain  limiting  conditions,  such  as  size  and 
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hardness  of  particles  treated,  character  of  roll  surface, 
method  of  feeding,  etc.,  which  influence  the  character  of 
crushing  and  amount  crushed. 

It  has  been  found  that  the  best  results  are  obtainable  for 
chert  (flint)  with  hard  shells  ;  for  limestone,  with  soft  shells  ; 
although  hard  shells  are  commonly  used  for  all  kinds  of 
work. 

To  prevent  breaking,  it  is  best  to  chamfer  the  edge  of 
shells  -^^  inch  on  the  diameter  and  1  inch  on  face  for  fine,  and 
i  by  1  inch  for  coarse  material. 

Slow  speeds  are  probably  best  for  rolls.  The  range  is 
from  ten  to  twenty  up  to  thirty  revolutions  per  minute. 

Rolls  should  not  reduce  the  material  to  be  crushed  more 
than  one-third  of  the  size  at  one  crushing.  The  following 
are  standard  sizes:  Coarse  rolls,  2i  to  f  inch;  medium, 
f  to  i  inch  ;  fine,  i  to  yV  inch.  One-sixth  inch  is  probably 
the  economic  limit  for  crushing  with  rolls  in  this  district. 

The  sledge  is  generally  used  to  reduce  pieces  of  rock  too 
large  for  the  crusher. 

A  crude  form  of  bucking  board  is  used  in  connection  with 
hand  jigging,  to  separate  the  barren  rock  from  the  ore  and  to 
reduce  to  a  size  suflBciently  small  for  jigging.  Occasionally 
a  hammer  is  used  to  remove  small  pieces  of  ore  from  the 
barren  rock,  which  is  ** cobbing"  on  a  small  scale. 

Sizing* 

Sizing  is  the  process  of  separating  material  according  to 
size  by  screening.  The  sizes  made  should  be  within  the 
equal  falling  ratio  of  two  grains.  To  illustrate  :  A  grain  of 
chert  (quartz)  of  1  mm.  diameter  falls  slower  in  water  than 
a  grain  of  4  mm.  diameter ;  slower  also  than  a  grain  of  ga- 
lena of  the  same  diameter ;  but  the  large  grain  of  chert  and 
the  small  grain  of  galena  have  very  nearly  equal  falling  ve- 
locities. The  ratio  of  chert  to  galena  is  about  1:4;  pyrite 
to  galena,  about  1 : 2. 

When  chert  and  galena  alone  are  to  be  separated,  they 
might  be  sized  between  the  limits  1  and  4 ;  if  mixed  with 
pyrite,  however,  the  limit  might  have  to  be  changed.  The 
ratio  of  1  to  2  would  probably  be  the  most  practicable.     It 


334  University  Geological  Survey  of  Kansas. 

will  therefore  be  seen  that  if  one  screen  has  a  mesh  of  25  mm., 
any  other  screen  used  with  it  must  not  have  a  mesh  above 
50  mm. 

Kinds  of  Screening  Surfaces. — ^Three  kinds  of  screening 
surfaces  are  used,  namely,  wire  cloth,  punched  metal,  and 
cast  iron. 

Woven  wire  and  perforated  metal  screens  are  in  more  gen- 
eral use,  while  cast  iron  is  seldom  used  except  in  the  cells  of 
the  rougher  jig. 

Wire  screens  have  the  widest  range  of  usefulness  and  are 
more  durable  on  account  of  toughness ;  they  also  have  the 
special  advantage  that  almost  any  degree  of  fineness  can  be 
obtained. 

Punched  or  perforated  metal  screens  may  also  be  made  of 
any  degree  of  fineness,  but  the  waste  of  metal  is  too  great 
and  capacity  too  small.  Up  to  three-fourths  inch,  the  ca- 
pacity of  punched  metal  screens  is  probably  largest,  as  the 
openings  are  smooth  and  the  metal  uniform.  They  are  also 
quite  durable  on  account  of  their  uniformity  and  thickness. 

Cast  iron  screens  are  cheapest  for  large  openings,  but  the 
plates  become  too  thick  for  openings  less  than  one-half  inch. 
They  probably  resist  the  action  of  acid  waters  better  than 
other  forms,  unless  it  is  woven  wire  screens  of  brass  or  bronze. 
They  are  hard  to  cast  without  warping,  which  is  one  of  the 
principal  objections  to  their  use. 

The  following  data  have  been  given  for  the  design  of  re- 
volving screens : 

1.  Inclination  of  screen  surface,  from  3"  to  6". 

2.  Diameter  of  drum,  from  2  to  3  feet. 

3.  Length  of  each  segment,  2  feet. 

4.  Tangential  velocity,  2i  to  3  feet  per  second. 

5.  Velocity  of  under  water,  2  feet  per  second. 

6.  Revolutions  per  minute,  from  18  to  25. 

7.  Capacity  (mixed  ore) ,  100  cubic  feet  per  hour. 
Capacity  ( pea  and  coarse) ,  60  cubic  feet  per  hour. . 
Capacity  (sand),  25  cubic  feet  per  hour. 

The  speed  of  revolving  screens  should  be  carefully  regu- 
lated, as  too  high  a  speed  causes  the  ore  grains  to  be  carried 
too  high,  due  to  the  centrifugal  force  holding  them  to  the 
sides  of  the  screen,  but  the  higher  the  grains  are  carried  in  the 
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screen,  the  greater  the  capacity  up  to  a  certain  limit ;  for  the 
higher  a  grain  is  carried  before  it  rolls  back,  the  more  rapid  is 
its  discharge  from  the  screen.  The  most  common  speeds  are 
from  sixteen  to  twenty  revolutions  per  minute.  For  a  screen 
to  work  to  best  advantage,  the  material  screened  should  roll 
through,  not  be  forced  or  washed  along. 

The  capacity  of  revolving  screens  varies  with  the  speed,  in- 
clination, length  of  surface,  and  feed.  The  first  foot  or  two 
of  the  surface  does  most  of  the  screening ;  so  several  short 
drums  might  be  better  than  one  long  one,  although  the  ex- 
pense would  be  higher ;  but  this  must  not  be  carried  too  far, 
or  undersizing  and  low  capacity  will  result. 

Sizing  may  be  accomplished  by  tables  (stationary  and  shak- 
ing) and  buddies,  on  which*  concentration  is  effected  by  min- 
eral moving  on  inclined  surfaces  where  friction  acts. 

Separation  depends  upon : 

1.  The  inclination,  which  determines  whether  the  grains  have  the  ability 

to  overcome  the  friction  of  the  table. 

2.  The  velocity  of  the  water  current. 

3.  Viscosity  of  slimes. 

4.  The  relative  size  of  the  ore  particles. 

5.  Specific  gravity  of  the  mineral. 

6.  Imparting  to  the  table  a  shaking  motion,  thus  allowing  inertia  to  act. 

Careful  adjustment  gives  an  inclination  at  which  one  min- 
eral moves  on  the  table,  while  another  will  not,  due  to  the 
difference  in  specific  gravity  of  the  two. 

The  inclination  decreases  with  the  size  of  the  particles 
treated.  Of  two  grains  of  equal  size,  the  lighter  one  is  the 
more  easily  moved. 

The  velocity  also  depends  on  inclination  and  the  amount  of 
water  that  is  used. 

The  relative  size  of  ore  grains  has  a  ruling  influence  on  their 
movement.     A  wide  range  of  sizes  is  the  best  for  separation. 

The  action  of  water  currents,  flowing  over  inclined  surfaces, 
on  ore  particles  of  different  specific  gravities,  is  to  move  the 
lighter ;  the  action  is  partially  due  to  sorting  and  sizing. 

By  giving  a  jigging  or  shaking  motion  to  the  table,  the  ac- 
tion varies  with  the  mass  and  not  according  to  the  size  or 
density ;    thus  inertia  is  brought  into  play,  modifying  the 
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effect  of  the  table.     The  action  is  more  marked  on  large  and 
light  than  on  small  and  dense  material. 

The  capacity  of  such  sizing  apparatus  depends  on  two  con- 
ditions, namely :  First,  the  rate  of  feeding  the  apparatus ; 
and  second,  the  velocity  at  which  the  grains  can  be  made  to 
pass  the  apparatus,  together  with  the  difference  in  velocities 
of  light  and  heavy  grains. 

Sorting* 

Sorting  is  a  separation  of  particles  by  the  action  of  water 
current,  according  to  their  falling  velocity.  Sorting  may  be 
accomplished  by  jigs  or  tables,  and  therefore  by  pulsating 
water  current,  or  thin  sheets  of  flowing  water. 

By  far  the  greater  part  of  concetntrating  is  done  in  this  dis- 
trict by  jigging,  although  slime  tables  and  other  forms  of 
slime-treating  apparatus  are  being  introduced. 

USB    OF   JIGS   AND    TABLES. 

By  the  use  of  jigs  the  separation  of  ore  particles  by  pulsat- 
ing water  current  is  accomplished.  The  water  is  made  to 
rise  and  fall  through  the  jig  screens  by  means  of  a  side  pis- 
ton. (See  description  of  jig,  page  273.)  The  supply  of 
water  is  maintained  in  the  plunger  cell  by  a  feed  spout  above 
the  plunger.  By  this  arrangement,  an  inch  or  so  of  water 
is  kept  above  the  plunger,  which  prevents  air  from  entering 
and  collecting  under  it.  In  a  few  instances,  valves  are  placed 
in  the  plunger  to  allow  the  escape  of  any  air  which  might 
have  been  sucked  in ;  also  to  reduce  the  suction  in  jig  bed 
on  the  upward  movement  of  plunger.  Figure  64.  The  water 
rising  and  falling  through  the  jig  sieve  or  screen  is  called  the 
'•under  water"  and  is  an  essential  part  in  the  jigging  proc- 
ess. The  **feed  water"  is  that  which  is  introduced  into  the 
feed  launder  to  facilitate  the  passage  of  the  crushed  material 
to  and  over  the  jig.  No  definite  rule  can  be  laid  down  as 
to  the  amount  of  under  water  to  be  used,  which  varies 
greatly  with  conditions,  such  as  water  supply,  position  of 
mill,  character  of  material  to  be  treated,  method  of  treat- 
ment, etc.  Usually  too  much  water,  by  far,  is  used,  thereby 
producing  a  waste  of  ore  by  abrasion  and  wash — the  former 
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with  soft  and  pliable,  the  latter  with  finely  divided,  ore, 
slimes,  etc. 

The  movement  of  the  plunger  is  effected  by  an  eccentric. 
Figure  56.  The  eccentrics  are  so  arranged  that  while  some 
are  descending  others  are  ascending,  so  distributing  the  strain 
upon  the  driving  shaft,  and  thus  neutralizing  any  vibration 
that  might  result  from  all  acting  in  unison.  The  process  of 
jigging  is  also  more  regular  when  the  plungers  descend  in 
order  successively,  rather  than  when  all  rise  and  fall  to- 
gether. The  eccentric  used  is  the  slide  or  slotted  form,  and 
allows  an  adjustment  of  the  stroke  from  nothing  to  two  and 
one-half  to  three  inches.  Figure  61.  The  speed  of  the  various 
jigs  ranges  from  175  to  450  revolutions  per  minute  ;  occasion- 
ally a  speed  as  high  as  500  to  600  revolutions  per  minute  is 
employed,  but  is  not  advisable  except  in  special  cases.  The 
length  and  speed  of  stroke  should  be  so  regulated  as  to  pro- 
duce a  current  of  a  velocity  determined  by  the  size  and  spe- 
cific gravity  of  the  particles  treated.  The  larger  and  heavier 
the  particles  to  be  moved  the  greater  the  velocity  required. 
The  velocity  of  rising  water  currents  is  regulated  by  the  length 
of  the  stroke,  time  of  stroke,  and  amount  of  under  water.  The 
length  of  the  stroke  should  be  between  two  and  four  times 
the  diameter  of  the  grains  to  be  moved — the  former  for 
coarse  and  the  latter  for  fine  material.  There  should  be  an 
increase  of  from  five  to  ten  strokes  for  each  grade  treated. 
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The  feed  and  discharge  may  be  regulated  in  several  ways, 
namely  :  First,  by  special  feeding  devices  ;  second,  by  crusher 
feed ;  and  third,  by  a  large  area  of  screening  surface  engaged. 
Only  the  two  latter  are  employed  in  this  district,  and,  of  the 
two,  the  former  is  the  more  common. 

Work  is  usually  not  begun  until  suflScient  dirt  is  on  the 
crusher  platform,  or  there  is  a  certainty  of  enough  accessible 
material  to  last  throughout  the  shift.  Two  feeders  are  usu- 
ally employed  to  a  crusher,  and  are  usually  able  to  maintain 
a  fairly  constant  stream  of  ore  over  the  jig  screens,  unless  the 
leanness  or  coarseness  of  the  ore  requires  much  hand  pick- 
ing and  reduction  by  sledge.  If  too  many  and  long  delays 
occur  in  the  feeding,  there  will  be  corresponding  variations 
in  the  richness  of  the  concentrate  on  the  screens,  as  the  close- 
ness of  the  separation  varies  somewhat  with  the  thickness  of 
the  bed  of  ore.  The  best  results  are  obtained  when  the  jig 
is  working  at  full  capacity. 

The  discharge  of  tailings  is  effected  and  regulated  by  the 
feed  and  under  waters.  The  speed  of  the  plunger  also  ma- 
terially affects  the  speed  of  the  waste  particles  across  the  jig, 
but  the  speed  of  stroke  should  not  be  increased  for  this  pur- 
pose alone,  which  would  seriously  affect  the  separation  on  the 
screen. 

The  discharge  of  the  concentrate  is  accomplished  intwoways : 
First,  through  the  bed  on  the  screen ;  and,  second,  by  gates 
in  the  front  of  the  jig,  i.  e.,  discharging  from  the  top  of  the 
bed.  Figure  63.  Unless  care  is  taken,  the  concentrate  through 
the  gate  will  be  poor.  The  discharge  depends  upon  the  mo- 
bility of  the  ore  on  the  jig  bed,  and,  if  anything  disturbs 
this,  the  discharge  will  be  imperfect.  The  product  passing 
through  the  bed  or  the  hutch,  as  it  is  commonly  called,  will  be 
clean  only  in  a  few  of  the  last  cells  of  the  rougher  and  in  all 
of  the  cells  of  the  cleaner.  If  there  are  a  large  number  of 
cells  in  a  jig,  there  will  be  a  large  number  of  cells  producing 
clean  hutch,  while  in  a  jig  with  a  few  cells  the  separation  is 
diflScult,  especially  when  several  minerals  occur  together. 
Usually,  the  last  one  or  two  cells  are  employed  as  ** guard" 
cells,  to  prevent  a  waste  of  mineral  and  to  insure  perfect  sepa- 
ration.    The  hutch  from  the  guard  cells,  which  catch  the 
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mixture  of  miDeral  and  waste  or  different  minerale,  ia  re- 
treated. 

Adjustable  partitiona  are  occasioDaUj  made  in  a  jig,  by 
means  of  which  the  speed  of  the  water  currents  may  be  regu- 
lated by  increasiag  or  diminiBbing  the  cross-sectional  area  of 
the  cells. 
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ECONOMY  OF  MINING  OPERATIONS. 

In  the  following  pages  an  attempt  has  been  made  to  esti- 
mate the  cost  of  the  various  operations  connected  with  the 
different  phases  of  mining  and  milling  as  carried  on  in  this 
district. 

Due  to  the  great  range  of  cost  of  the  various  operations, 
even  in  the  same  locality,  as  at  two  mines  on  adjoining  lots, 
to  say  nothing  of  the  district,  it  has  been  found  difficult  to 
obtain  figures  which,  though  averaging,  will  not  more  than 
approximate  the  cost  for  the  whole  district.  The  figures  ob- 
tained are,  therefore,  high  for  some  and  low  for  other  locali- 
ties, while  they  come  very  near  to  actual  costs  in  still  other 
cases. 

The  operations  are  taken  up  in  the  usual  order  of  occur- 
rence as  followed  in  opening  up  mining  properties,  namely, 
drilling  (prospecting  and  mining),  shaft  sinking  and  drift- 
ing, stoping,  blasting,  timbering,  pumping,  hoisting,  and 

concentrating. 

Cost  of  Drilliiisr. 

PROSPECT  DRILLING. 

The  usual  cost  of  drilling  is  about  |1.25  per  foot  for  the 
first  200  to  250  feet.  This  is  the  contract  price,  although  as 
low  as  |1  has  been  paid  where  the  ground  was  known  to  be 
good  drilling.  The  |1.25  may,  however,  be  raised  to  |1.50 
or  11.75  if  the  ground  is  difficult  to  work,  or  if  the  indica- 
tions point  that  way.  If,  however,  a  number  of  holes  are  to 
be  drilled  in  the  same  locality,  the  price  may  be,  at  the  high- 
est, not  more  than  |1.50.  This  includes  cost  of  labor,  water, 
and  fuel.  As  a  rule  the  driller  will  not  set  the  price  below 
200  or  250  feet.  In  good  ground  the  price  usually  increases 
25  cents  per  foot  for  every  100  feet  advanced. 

The  cost  of  a  prospect  drilling  outfit,  complete  with  all 
tools,  is  between  $2000  and  $3000.  The  drilling  crew  con- 
sists of  two  men  per  shift,  paid  $3.50  and  jf4.50,  respectively, 
making  labor  cost  for  twenty-four  hours  f  16. 

The  average  rate  of  drilling  is  15  to  20  feet  per  day  in 
limestone,  and   6   to   7   feet  per  day  in  flint.     In  ordinary 


Crank.]  Economy  of  Mining  Operations.  341 

ground,  10  to  16  feet  per  day  i8  considered  good  progress. 
The  actual  cost  per  foot  of  drilling  (labor  costs)  ranges  from 
75  cents  to  $1.  The  cost  of  casing  a  hole  is  extra,  the  owner 
paying  for  all  supplies. 

Tools  must  be  sharpened  two  to  four  times  a  day,  usually 
once  for  every  15  to  25  feet  of  advance,  and  occasionally  in 
passing  through  18  inches  of  flint.  Four  hours  spent  other 
than  in  drilling  is  probably  a  fair  estimate. 

Mine  Drilling. — Drilling  for  shaft  sinking,  driving  drifts, 
stoping,  and  in  fact  all  underground  work,  varies,  as  does 
prospect  drilling,  with  the  kind  and  character  of  the  forma- 
tion worked,  and,  if  anything,  it  is  more  difficult  to  make  es- 
timates upon. 

Very  little  contract  work  is  done  ;  so  there  is  no  fixed  price 
per  foot  of  hole  drilled  or  per  cubic  foot  or  yard  of  ore  broken 
down.  The  wages  of  the  single-  and  double-hand  drillers 
are  J1.75  to  J2.50.  The  speed  of  drilling  double-  and  single- 
hand  in  limestone  and  flint  ranges  from  8  to  14  or  16  down  to  6 
to  8  or  10  feet  per  shift  of  eight  hours.  The  actual  cost  of 
drilling  per  foot  is  then  about  20  and  30  cents  for  single-hand 
and  16  and  25  cents  for  double-hand  work  in  limestone  and 
flint,  respectively. 

The  tempering  of  drills  will  materially  affect  the  speed  of 
drilling ;  so  great  care  ( more  than  is  usually  given )  should  be 
taken  in  ascertaining  the  proper  temper  to  be  given,  and  in 
seeing  that  the  drills  are  kept  up  to  the  standard,  or  varied 
with  the  character  of  material  drilled.  Much  time,  labor  and 
expense  is  saved  by  proper  tempering,  and  so  preventing  the 
too  frequent  return  of  the  drill  to  the  shop. 

Cost  of  Shatting:  and  Drifting. 

As  the  operations  of  shafting  and  drifting  are  so  similar, 
the  two  are  discussed  under  the  same  head.  If  there  is  any 
advantage,  one  over  the  other,  it  is  in  favor  of  drifting,  for 
the  reason  that  the  face  of  the  drift  is  usually  of  greater  cross- 
section  than  that  of  the  shaft,  and  another  advantage  is  that 
it  is  easier  to  work  a  vertical  face,  as  it  is  to  a  certain  extent 
self-cleaning,  gravity  actually  aiding  the  blasting  operations  ; 
while  in  shafting,  gravity  not  only  interferes  with  the  loosen- 
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log  of  the  rock,  but  renders  cleaning  up  more  difficult,  thus 
delaying  the  subsequent  operations. 

The  wages  of  men  range  from  $1.75  to  $2.  In  shafting, 
only  two  men  are  employed ;  while  in  drifting,  usually  four 
men;  but  as  the  cross-section  of  the  drift  is  greater  (except  in 
some  of  the  larger  shafts  used  at  present,  in  which  four  men 
work),  the  same  relative  advance  is  made. 

The  cost  of  a  large  shaft  is  usually  much  less  per  foot  than 
a  small  one,  for  the  reason  that  a  larger  number  of  men  can 
work,  and  consequently  the  rate  of  advance  is  greater,  with 
little  less  expenditure  of  labor  and  material.  The  cost  of  lin- 
ing a  shaft  varies,  however,  with  its  cross-section,  as  timber 
costs  so  much  per  thousand,  board  measure. 

Summary  of  a  day's  drilling  : 

Shaft.  Drift  or  Bhrnft, 

(4x5ft)  (6x8ft) 

Labor,  two  men,  at  $2.00 $4  00;  four  men $8  00 

Sharpening  drills,  12,  at  5  cents 60;  16,  at  5  cents 80 

Total $4  60  ^ $8  80 

Summary  of  expenses  for  one  round  of  holes,  or  one  ad- 
vance of  two  feet  in  the  first  column  and  two  and  one-half 
feet  in  the  second  : 

Drift  or 
Shaft.  shaft. 

Labor,  two  men,  two  days,  at  $2 $8  00;  four  men,  two  days $16  00 

Sharpening  drills,  24,  at  5  cents 1  20;  32,  at  5  cents 1  60 

Powder  for  squibbing,  >2  stick  ( J^  IT).) 
per  hole : 

8  holes,  at  5  cents  per  Ut 20;  10  holes 26 

Primers,  at  3  cents  per  hole 24; 30 

Powder  per  round,  24  sticks 1  20;  30  sticks 1  50 

Total  cost $10  84  $19  65 

The  above  is  cost  for  a  4  x  5  foot  shaft  sunk  2  feet,  which 
makes  about  $5.42  per  linear  foot  of  advance  ;  for  a  6  x  8  foot 
shaft  or  drift  sunk  2^  feet  in  the  same  time,  $7.86.  The  cost 
is  about  one  and  one-half  times  as  much  for  a  6x8  shaft  as 
for  a  4  X  5  foot,  but  the  actual  amount  excavated  is  almost 
four  times  as  great,  being  1.4  and  4.4  cubic  yards  with  4x5 
and  6x8  foot  shafts.  Comparing  them,  then,  according  to  the 
amount  excavated  rather  than  linear  feet  of  advance,  we  have 
$7.71  and  J4.47,  respectively,  for  4x5  and  6x8  foot  shafts, 
just  reversing  the  order  as  given  above  for  rate  of  advance. 
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Furthermore,  the  difference  in  cost  becomes  more  pronounced 
with  greater  difference  in  size  of  shafts,  until,  as  stated  above, 
the  rate  of  advance  for  large  may  also  exceed  that  for  small 
shafts.  Adding  to  the  cost  of  sinking,  the  cost  of  removing 
of  the  excavated  material  and  pumping,  which  does  not  vary 
much  with  size  of  shaft,  the  cost  will  run  somewhat  above 
|6  and  $8  in  the  two  cases. 

When  the  rock  is  easy  drilling  and  blasting,  the  above 
figures  may  be  reduced  from  one-half  to  two-thirds,  making 
the  cost  $3  or  |4  to  $4  or  $5.50  per  foot ;  while,  if  the  rock  is 
extremely  difficult  to  work,  the  cost  may  be  multiplied  many 
times,  even  reaching  the  high  figure,  for  this  district,  of  $50 
to  ?75. 

Water  does  not  interfere  so  much  in  drifting  as  in  shaft 

sinking,  but  ultimately  the  same  amount  of  pumping  must 

be  done,  so  that  the  cost  is  approximately  the  same  in  both 

cases. 

Cost  of  Stopiugr. 

The  operation  of  stoping  does  not  differ  much  from  that  of 
drifting  and  shaft  sinking,  yet  the  number  and  length  of 
holes  varies  considerably  from  that  of  the  other  operations. 

With  a  stope  ten  feet  wide  and  from  7  to  10  feet  high,  usu- 
ally only  four  holes  are  placed  at  regular  distances  across  the 
top,  and  only  two  or  three  at  the  base  or  foot.  These  holes 
range  from  8  to  10  feet  in  depth,  which  make  about  54  linear 
feet  of  hole  (6  holes,  9  feet,  average).  At  the  ordinary  rate 
of  drilling  this  could  be  done  in  five  days  (54-5-10).  If  the 
work  is  well  directed,  and  all  favorable  conditions  taken  ad- 
vantage of,  it  could  probably  be  done  in  four  and  one-half 
days,  or,  with  charging,  etc.,  five  days. 

The  charges  placed  in  the  stoping  holes  are  larger  than 
those  usually  employed  in  drifting  or  shaft  sinking.  The 
holes  are  squibbed  so  as  to  hold  a  large  charge  in  a  small 
space.  The  charges  weigh  from  five  to  twenty-five  pounds 
per  hole — ten  pounds  may  be  taken  as  a  fair  average.  Sixty 
pounds  of  powder  are  then  necessary  to  a  round  of  holes. 
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Summary  for  one  round  of  holes,  or  one  advance  of  8  feet : 

Labor,  two  men  for  five  days $20  00 

Sharpening  drills 3  00 

Dynamite 6  00 

Primers 18 

Total $29  18 

This  represents  the  cost  of  an  advance  of  about  8  feet. 
The  cost  per  foot  is,  then,  J3.64. 

It  is  better,  however,  to  figure  on  the  cost  per  cubic  yard  ;  so, 
in  the  above  calculation,  the  cost  per  cubic  yard  is  about  $1. 

Cost  of  Blasting^. 

The  following  figures  in  connection  with  the  cost  of  drilling 
give  a  fairly  good  idea  of  the  cost  of  the  blasting  operations : 

Powder,  A  No.  1,  per  50  lb.  box,  37J  per  cent.,  from $5  00  to  $5  25 

Powder,  No.  1,  per  50  lb.        **     60   per  cent.,    *'     7  75  to   8  00 

Powder,  No.  2,  per  50  lb.        **     40   per  cent.,    **     550to650 

Primers,  per  box  (50) 1  50 

Caps,         "      •'    (100) 65 

Fuse,  per  roll  (100  feet) 60 

Battery,  for  firing  primers  ( capacity,  20  primers ) 26  00 

A  No.  1  powder  is  used  in  soft  ground  ;  No.  1  powder  is 
used  in  extra  hard  ground  ;  No.  2  powder  is  used  in  ordinary 
ground  ;  gelatine  powder  is  used  in  very  wet  ground. 

Cost  of  Tiniberiug. 

As  the  timbering  operations  are  almost  wholly  confined  to 
the  lining  or  cribbing  of  shafts,  it  is  not  possible  to  give  very 
exact  figures  on  the  cost  of  timbering  ground  of  varying  de- 
grees of  softness.  The  amount  of  soft  ground  is  quite  limited 
and  the  areas  small  and  scattering. 

TIMBERING   OF   SHAFT  —  CRIBBING. 

When  round  poles  cut  from  the  scrub-oak  are  used,  the 
price  per  foot  is  from  one-half  to  one  cent,  or  from  6  to  10 
cents  per  10-foofc  length.  If  2-inch  poles  are  used,  consider- 
ing 22  feet  of  timber  necessary  for  a  4-inch  rise  in  a  4x5 
shaft  and  28  feet  of  timber  for  a  5x7  shaft,  the  cost  of  crib- 
bing a  foot  of  shaft  in  the  former  case  is  66  cents  ;  in  the  lat- 
ter, 84  cents.  When  sawed  timber  is  employed,  the  following 
figures  show  the  cost  for  the  various  sizes  employed  :  Two-by- 
fours,  at  $16  per  thousand,  crib  a  4x5  shaft  1  foot  for  99 
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cents  ;  a  6x7  shaft,  1  foot,  for  ^1.26.  Two-by-sixes  cost  the 
same  as  two-by-fours,  as  the  price  per  thousand  is  the  same. 
Four- by-sixes,  at  $17.50  per  thousand,  cost  in  a  4x5  shaft,  for 
1  foot  of  cribbing,  74  cents ;  in  a  5x7  shaft,  1  foot,  95  cents. 
Six-by-sixes,  costing  f  18  per  thousand,  cost  57  cents  in  crib- 
bing a  4x5  shaft  1  foot ;  and  a  5x7  shaft,  72  cents  per  foot. 
The  range  of  prices  is,  then,  as  follows : 


Kind. 


Round  timber 

Sawed  timber 

Sawed  timber 

Sawed  timber 

Sawed  timber 

If  the  minimum  price  for  rough  round  timber  (J 
cent)  is  taken,  the  above  figures  will  be  reduced 
one-naif,  or 


Cost  in  5x7 
shaft 


$0  84 

1  26 

1  26 

95 

72 


42 


These  figures  are  for  open  cribbing.  If  closed  cribbing  is 
desired,  the  above  figures  will  have  to  be  nearly  doubled,  as 
about  twice  the  timber  is  placed,  and  the  extra  cost  of  placing 
will  nearly  double  the  cost  of  open  cribbing. 

In  placing  the  timbers,  constituting  the  cribbing,  three  men 
are  employed — one  on  top  and  two  below.  The  wages  of 
these  men  range  from  $1.25  to  fl.75  per  day;  taking  $1.50 
as  an  average,  the  total  cost  of  labor  is  J4.50  per  day.  Sum- 
ming up  the  cost  of  shafting,  cribbing,  etc.,  we  have,  for  an 
advance  of  1  foot,  considering  that  20  feet  of  cribbing  can  be 
placed  per  day : 


Cost  of  excavating  1  foot 

Cost  of  cribbing  1  foot 

Cost  of  labor  for  placing  1  foot 


Totals $6  79       $8  80 


The  timbering  of  drifts  is  more  complicated,  and,  there- 
fore, more  expensive.  The  large,  round  timber  (in  the 
rough)  costs  about  5  cents  per  foot,  while  the  lagging  and 
spiles  cost  about  5  cents  per  10- foot  length. 

The  sets  are  placed  on  an  average  of  4  feet  apart  (ranging 
from  1  to  7  feet ) .     Each  set  contains  about  40  feet  of  timber. 
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which,  at  6  cents  a  foot,  makes  |2  per  set,  or  50  cents  per 
foot  of  timber  in  drift.  If  the  spiles  are  placed  6  inches 
apart,  there  are  (considering  the  sides  and  top  covered )  for 
the  4  feet  about  100  feet,  which,  at  5  cents  per  10-foot  length, 
makes  50  cents.  There  would  probably  be  150  feet  of  lagging, 
which  being  made  up  of  odds  and  ends  is  much  cheaper — say, 
about  3  cents  per  lOfoot  length,  which  makes  45  cents. 

Two  men  are  employed,  and  are  able  to  place  3  sets  with 
spiles  and  lagging  per  day,  which  make  12  feet  advance. 
Their  wages  are  J2  apiece,  or  J4  per  day  for  the  two,  which 
gives  fl.33  per  4  feet  (one  set)  of  timbering,  or  33  cents  per 
foot  advance. 

Summary  of  cost  for  timbering  a  drift  of  4  feet  advance  : 

Labor $1  33 

Timber  (sets) 2  00 

Timber  (spiles) 50 

Timber  ( lagginfi:) 46 

Total $4  28 

The  cost  of  timbering  4  feet  is  J4.28,  or  J1.07  per  foot. 
Total  cost  of  excavating  and  timbering : 

Cost  of  timbering,  per  foot $1  07 

Cost  of  excavating,  per  foot 8  00 

Total $9  07 

Cogs  or  pens  cost,  per  single  cog  (8x8x  10) ,  at  5  cents  a  foot, 
about  64  cents  per  foot,  or  J6.40  per  cog.  When  the  timber 
is  cut  from  the  company's  land,  the  cost  of  cutting  and  haul- 
ing amounts  to  about  3  cents  per  linear  foot.  The  above  fig- 
ures would  then  be  reduced  to  J4.44  per  cog.  The  various 
systems  of  timbering  modify  these  figures  quite  a  little,  but 
it  is  believed  that  they  are  a  fair  estimate. 

Cost  of  Pumping^. 

The  cost  of  pumping  depends  on  the  kind  of  pump  em- 
ployed. With  the  shallow  mining  of  the  present,  both  the 
first  cost  and  running  expenses  of  the  Cornish  form  of  pump 
are  less  than  with  the  steam  pump  ;  yet  the  advantages  of  the 
steam  pumps  are  so  decided  that  they  are  being  introduced 
into  the  deeper  mines.  The  cost  is  therefore  divided  into  two 
parts,  namely,  Cornish  pump  work,  which  is  by  far  the  larger 
part,  and  steam  pump  work. 
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CORNISH   PUMP   WORK. 

Only  the  cost  of  the  pumping  operations  is  considered  here, 
which  can  be  shown  to  the  best  advantage  by  means  of  data 
obtained  from  the  mines  and  pumping  stations. 

[No.  1.]   Lift,  100  feet;  two  nine-inch  pumps. 

Labor  (two  men,  night  and  day  shifts),  per  week $28  00 

Cost  of  water 7  00 

Cost  of  li^ht 1  50 

Cost  of  lubricant 3  50 

Cost  of  fuel 65  00 

Cost  of  incidentals 10  00 

Total $114  00 

The  cost  per  day  would,  then,  be  $16.28.  The  discharge  was 
13.2  gallons  per  stroke,  8  strokes  per  minute.  Two  pumps 
will,  then,  give  211.2  gallons  per  minute.  When  necessary, 
the  number  of  strokes  may  be  doubled;  422.4  gallons  per 
minute  would  then  be  discharged.  At  211.2  gallons  per 
minute,  the  discharge  per  day  (twenty-four  hours)  would  be 
304,128  gallons,  which,  at  a  cost  of  J16.28,  would  give  .0063 
of  one  cent  per  gallon. 

[No.  2.]    Lift,  110  feet;  nine-inch  pump. 

Labor  (two  men),  per  week $26  00 

Coal,  at  $2.25  per  ton 30  00 

Lubricants 1  00 

Leathers 3  00 

Water  for  boilers 40 

Total $60  40 

The  cost  per  day  would,  then,  be  $8.63.  The  discharge 
was  152,284  gallons  per  day  (twelve  hours) ,  which,  with  $8.63 
cost,  would  give  .0056  of  one  cent  per  gallon. 

[No.  3.]   Lift,  50  feet;  eight-inch  pump. 

Labor,  at  $1.75  per  day $1  75 

Coal 60 

Oil 12 

Leathers 20 

Total $2  67 

The  cost  per  day,  $2.67,  equals  26.7  cents  per  hour  ( ten-hour 
day).  The  pump  lifts  50,112  gallons  per  day,  thus  making 
the  cost  per  gallon  .0053  of  one  cent. 

[No.  4.]    Lift,  90  feet;  nine-inch  pump. 

Labor,  two  men  at  $1  and  $1.25  per  day $2  25 

Coal,  at  $2  per  ton 2  00 

Oil 12 

Leathers 20 

Total $4  57 

23-viu 
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The  cost  per  day,  J4.67,  equals  30.5  cents  per  hour.  The 
pump  lifted  76,032  gallons  per  day  ;  so  that  the  cost  per  gal- 
lon would  be  .006  of  one  cent. 

[No.  5.]   Lift,  90  feet;  eight-inch  pump. 

Labor $2  00 

Coal 2  00 

Oil 08 

Leathers 25 

Total $4  33 

The  expense  for  one  hour  equals  36  cents  (twelve-hour 
day).  The  pump  lifted  60,134  gallons  per  day,  which  would 
give  .0072  of  one  cent  per  gallon. 

[No.  6.]  Two  twelve-inch  pumps,  averaging  366.68  gallons 
per  minute,  with  a  lift  of  100  feet,  would  cost,  per  week, 
$150,  which  would  give  .0078  of  one  cent  per  gallon. 

[No.  7.]  An  eight-inch  pump  driven  by  twelve-horse-power 
Fairbanks-Morse  gasoline  engine,  which  used  twenty  gallons 
of  gasoline  in  twenty-four  hours,  has  the  following  running 
cost : 

Gasoline,  at  10  cents  per  gallon $14  00 

Oil 1  00 

Leathers 2  00 

Total  for  a  week's  run $17  00 

At  J17  per  week,  or  $2.41  per  day,  or  10  cents  per  hour^ 
the  cost  would  be  .004  of  one  cent  per  gallon,  while  the  pump 
was  delivering  60,134  gallons  per  day.  The  lift  in  this  case 
was  92  feet. 

[No.  8.]   Lift,  100  feet;  two  twelve-inch  pumps. 

Labor $26  00 

Coal 30  00 

Oil 1  00 

Leathers 3  00 

Incidentals 5  00 

Totel  per  week $65  00 

At  J65  a  week,  the  cost  per  day  would  be  J9.28.  The  pump 
discharged  270,490  gallons  per  day,  giving  .00343  of  one  cent 
per  gallon. 

The  average  of  the  above  cases  gives  .00557  of  one  cent  per 
gallon. 

STEAM    PUMP    WORK. 

As  not  very  many  steam  pumps  were  employed  when  the 
data  for  this  part  of  the  report  were  collected,  only  a  few^ 
figures  were  obtainable  upon  which  the  calculations  are  based*. 
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They  will,  however,  give  an  idea  of  the  relative  co8t  as  com- 
pared with  the  Cornish  method  of  pumping.  Below  is  item- 
ized the  cost  for  a  pump  with  a  capacity  of  50  gallons  per 
min.ute,  2i-inch  suction,  and  a  2-inch  discharge : 

[No.  1.]   Lift,  150  feet. 

Labor,  two  men,  at  $2  per  day $4  00 

Coal,  two  tons,  at  $2.25 4  50 

Lubricants 10 

Packing 05 

Water  for  boiler,  at  40  cents  per  tank 20 

Total $8  85 

The  cost  of  pumping  for  one  day  (twelve  hours)  would 
then  be  ?8.85.  The  pump  lifted  72,000  gallons  per  day, 
giving  .0118  of  one  cent  per  gallon. 

[No.  2.]    Steam  pump  with  a  capacity  of  38  gallons  per 

minute,  a  2i-inch  suction,  and  a  2-inch  discharge,  gives  the 

following  data : 

Lift,  175  feet. 

Labor,  one  man,  at  $4  per  day $4  00 

Coal,  one  and  one-half  tons,  at  $2.25 3  37 

Lubricants 10 

Packing 05 

Water  for  boiler 15 

Total  cost  per  day $7^67 

The  expense  per  hour  would  then  be  7.67  cents.  The  pump 
lifted  54,720  gallons  per  day,  which  would  make  .01401  of 
one  cent  per  gallon. 

[No.  3.]  Capacity  of  the  pump,  50  gallons  per  minute, 
with  a  3-inch  suction  and  a  2i-inch  discharge. 

Lift,  150  feet. 

Labor,  two  men,  at  $1.75  per  day $3  50 

Ck)al,  two  tons,  at  $2.25 4  50 

Lubricants 12 

Packing 10 

Water 30 

Total  cost  per  day $8  52 

The  expense  per  hour  would  then  be  8.52  cents.  The 
pump  lifted  72,000  gallons  per  day,  which  would  make  .0118 
of  one  cent  per  gallon. 

Averaging  the  cost  per  gallon  as  obtained  from  the  cases 
above,  we  have  .0125  of  one  cent  per  gallon,  which,  compared 
with  the  cost  of  pumping  per  gallon  with  the  Cornish  pump, 
shows  a  cost  of  .007  of  one  cent  more  per  gallon  by  steam. 

In  most  cases  where  steam  pumps  are  employed,  the  steam 
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for  driving  the  same  is  furnished  by  the  boilers  of  the  plant ; 
so  no  definite  information  could  be  obtained  as  to  the  actual 
cost  of  running  the  pumps. 

Cost  of  Extraction  of  Ore. 

The  cost  of  drifting  and  stoping  have  already  been  consid- 
ered, but  the  total  cost  of  the  operations,  especially  loosening 
and  extracting  ore,  is  given  as  obtained  from  a  number  of 
large  mines,  and  represents  a  fair  average. 

Powder,  fuse,  caps,  and  primers  (per  day) $6  00 

Lighting[  oil  (40  cents  per  shift,  two  shifts ) 80 

Sharpening  drills  (20  to  40  per  day),  at  5  cents 2  00 

Sharpening  picks  (15  to  20  per  day),  at  2}  cents 50 

Ground  foreman 2  50 

Miners  (sixteen,  at  $2) 32  00 

Total  per  day $43  80 

The  cost  per  week  would  be,  with  this  force,  J306.60. 

Cost  of  Hoistinsr. 

• 

The  cost  of  hoisting  is  one  of  the  least  expensive  opera- 
tions in  connection  with  extraction  and  concentration  of  ore 
in  this  district.  This  is  due  to  the  fact  that  the  ore  must  be 
elevated  but  a  comparatively  short  distance.  The  hoisting 
apparatus  is  simple,  and  therefore  easily  operated  and  re- 
paired. In  the  smaller  plants,  and  especially  in  the  pros- 
pecting shafts,  hoisting  is  often  done  by  hired  or  rented 
outfits.  This  is,  however,  never  done  in  the  larger  plants. 
When  the  hoisting  machinery  is  rented,  the  cost  is  as  follows  : 

Labor,  one  man,  at  $2 $14  00 

Rent  on  machine,  per  week 5  00 

Cost  of  rope,  per  week 2  25 

Cost  of  water,  per  week 50 

Oil  and  repairs 5  00 

Cost  of  coal,  two  tons,  at  $2 4  00 

Totel $30  75 

To  hire  a  man  with  hoisting  apparatus,  instead  of  renting 
or  buying,  the  cost  would  be  about  as  follows  : 

Waees  of  man  and  machine $19  00 

Coal,  two  tons,  at  $2 4  00 

Rope 2  25 

Water 50 

Oil  and  repairs 5  00 

Totel $30  75 

The  cost  is  the  same,  as  is  seen  from  the  above  figures ;  the 
latter  case  being  preferable,  however,  as  the  owner  of  the 
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machine  has  charge  of  it  and  is  responsible  for  any  and  all 

damages  thereto. 

The  cost  of  hoisting  for  the  large  mills  may  be  summarized 

as  follows  (double  shift)  : 

Labor  ( two  men,  at  $2 ),  per  week $28  00 

Rope 2  25 

Oil  and  repairs 6  00 

Total $36  25 

These  hoisters  are  operated  by  steam  which  comes  from 
the  main  boiler  plant ;  so  that  the  expense  of  the  same  is  not 
figured  into  the  cost  of  hoisting.  The  cost  per  day  would 
thus  be  about  five  dollars. 

Cost  of  Concentrating. 

The  question  of  concentration  is  an  extremely  important 
one,  and  the  more  variable  the  prevailing  conditions  the  more 
is  its  importance  enhanced.  The  high  degree  of  hardness  of 
the  country  rock,  together  with  the  acid  waters,  renders  the 
problem  of  concentration  a  difiicult  one. 

The  wear  of  the  different  apparatus,  from  the  breaker  jaws 
to  the  elevator  bucket,  is  no  small  item  of  cost,  the  wear  being 
probably  more  chemical  than  physical,  due  to  the  highly  acid 
water  generally  prevalent  throughout  the  district. 

The  wear  of  the  apparatus  is  taken  up  in  the  order  in 
which  ore  comes  to  them  in  the  process  of  concentration, 
which,  when  summed  up,  will  be  added  to  the  other  items  of 
cost.  The  result  will  be  about  as  close  as  it  is  possible  to 
calculate  the  cost  of  concentration  as  practiced  in  the  Galena 
district. 

WEAR   OF   CRU8HBR   JAWS. 

The  range  is  from  a  few  days  to  two  weeks.  This  is  due 
to  the  extreme  hardness  of  the  material  crushed;  also  to 
the  acidity  of  the  water.  The  more  common  life  of  iron-jaw 
crushers  is  from  four  to  eight  days.  Steel  jaws  last  probably 
a  third  longer  than  iron.  Iron  jaws  cost  10  cents  per  pound  ; 
steel,  16  cents.  The  weight  of  iron  jaws  is  about  40  pounds  ; 
of  steel,  from  40  to  50 — making  the  cost  of  the  two  ?4  and  J6, 
respectively,  or  66  cents  and  $1  per  day. 
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WBAR   OF   ROLL   SHELLS. 

The  wear  on  shells  is  :  First,  on  the  edges  :  second,  on  the 
middle.  Combined  with  the  wear  in  the  edges  is  a  tendency 
to  chip  off,  due  to  the  roll  shells  striking  together  when  un- 
der high  tension.  If  the  feed  of  the  rolls  is  directed  to  one 
point,  most  of  the  wear  comes  there,  thus  causing  the  rolls 
to  wear  unevenly  and  in  ridges,  giving  the  surface  of  the 
roll  a  corrugated  appearance,  which  in  time  break  up  into 
rings  along  the  lines  of  weakness.  As  the  roll  shells  are  con- 
stantly wet  with  the  acid  waters,  their  wear  and  ultimate  de- 
struction are  hastened.  The  average  life  of  a  set  of  roll  shells 
is :  For  the  first  set,  three  to  six  weeks ;  second  set,  four  to 
seven  weeks ;  third  set,  seven  to  ten  weeks.  For  the  first 
set,  when  made  of  steel,  the  average  life  is  six  weeks ;  for 
iron  roll  shells,  about  three  weeks.  The  steel  shells  average 
600  pounds  apiece,  1200  pounds  per  set,  which,  at  15  cents 
a  pound,  makes  $90  apiece,  or  $180  per  set.  Iron  shells  cost 
10  cents  per  pound,  and  range  in  price  from  $60  to  $120  per 
set.  The  price  per  week  would  then  be  $30  and  $40,  respect- 
ively, or  $4.28  and  $5.71  per  day. 

WBAR   OF    ELEVATOR    BUCKETS. 

The  wear  of  elevator  buckets  varies  with  the  size,  character 
and  quantity  of  material  handled.  The  dirt  elevator,  carry- 
ing all  the  material  which  passes  through  the  crusher,  has 
the  most  wear.  The  tailings  elevator  probably  carries  the 
next  to  the  largest  amount ;  ''chats"  elevator  comes  next  in 
order  of  amount  carried  ;  while  the  **smittem"  elevator  car- 
ries the  least  in  bulk,  but  not  necessarily  in  weight.  The 
wear,  therefore,  comes  proportionately  on  the  different  ele- 
vators. The  wear  may,  however,  depend  more  on  the 
character  of  the  material  handled  than  on  the  amount.  The 
two  cases  below  illustrate  this  point. 

Life  of  dirt  elevator  buckets 5  to  10  weeks. 

Life  of  tailings  elevator  buckets 8  to  12  weeks. 

Life  of  chats  elevator  buckets 11  to  15  weeks. 

Life  of  smittem  elevator  buckets 15  to  20  weeks. 

Or,  in  a  special  case  noted  : 

Life  of  tailings  elevator  buckets 11  weeks. 

Life  of  dirt  elevator  buckets 3to4  months. 

Life  of  smittem  elevator  buckets 6  months. 
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Elevator  buckets  cost  from  fifty  to  sixty  cents  apiece. 
From  three  to  eight  are,  on  an  average,  worn  out  or  destroyed 
per  day,  after  the  mill  has  been  running  several  months. 
Acid  waters  play  havoc  with  buckets ;  so  where  the  waters 
are  very  acid  the  wear  on  the  buckets  is  especially  rapid. 
The  cost  per  day  probably  varies  from  $2  to  $4. 

WEAR   OF    CBNTRIFUGAL   PUMPS. 

Centrifugal  pumps  are  employed  in  lifting  the  water  used 
in  concentration  to  the  different  apparatus  used.  The  water 
used  is  usually  that  pumped  from  the  mine  below,  and  stored 
in  a  pond  beside  the  mill,  from  which  it  is  drawn  as  needed 
in  the  concentrating  processes.  This  water  is  nearly  always 
quite  acid  ;  so  any  metal  pump  employed  in  lifting  the  same 
is  rapidly  destroyed.  Centrifugal  pumps  are  quite  expensive  ; 
so,  in  the  mills  where  they  are  destroyed  in  a  few  weeks,  the 
question  of  handling  the  water  for  concentration  becomes  a 
serious  problem. 

During  the  last  three  or  four  years  several  forms  of  wooden, 
or  wooden-lined  centrifugal  pumps  have  been  devised. 
Although  the  first  cost  of  these  pumps  is  about  the  same  as 
the  metal  forms,  yet  they  last  so  much  longer  that  they  will 
probably  replace  the  metal  pumps  entirely. 

The  life  of  the  shell  of  an  iron  centrifugal  pump  is  from 
two  to  three  years.  The  spider  and  sheathing,  the  inner 
parts  of  the  pump,  last  from  three  weeks  to  twelve  months, 
depending  wholly  on  the  acidity  of  the  water.  The  average 
life  is  probably  four  weeks.  The  average  cost  of  lining  and 
spider  is  about  $25  ;  this  makes  about  $6.25  per  week  for  re- 
pairs. When  wooden  pumps  are  used,  the  lining  is  done 
away  with  ;  so  the  only  cost  is  the  wear  of  the  spider.  The 
cost  of  replacing  the  spider  is  about  one-half  of  that  given 
above  for  both  lining  and  spider,  or  $3  per  week.  The  spider 
and  lining  are  usually  made  of  brass  or  bronze. 

The  suction  and  discharge  pipes  cost  about  $1  per  linear  foot, 
and  last  about  six  mouths.  If  30  feet  of  pipe  is  used,  the  cost  is 
$30  per  six  months,  $1.25  per  week,  and  18  cents  per  day. 
In  a  few  cases  wooden  pipes  are  being  used,  which  give  entire 
satisfaction  and  last  for  a  long  time.     They  are  practically 
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indestructible,  as  far  as  acid  waters  are  concerned,  and  it  is 
claimed  thjeit  the  wood  becomes  harder  and  better  adapted  for 
the  purpose  the  longer  it  is  acted  upon  by  the  acid  waters. 

WEAR   OF    SCREENS. 

The  life  of  a  screening  surface  depends  on  what  kind  of  an 
apparatus  it  is  placed  in ;  if  in  a  jig  cell,  the  wear  from  the 
mechanical  abrasion  is  comparatively  slight,  as  only  the  softer 
materials  pass  through  (as  a  rule) ,  while  the  action  of  the  acid 
waters  is  a  maximum  ;  in  shaking  and  rotary  screens  the  re- 
verse is  the  case,  the  mechanical  action  is  the  maximum,  and 
the  chemical  action  is  less,  though  very  nearly  as  great,  as  in 
the  jig  cells. 

As  definite  data  could  not  be  obtained  except  by  a  special 
experiments,  and  as  such  were  not  possible,  the  following  fig- 
ures are  at  best  approximate.  The  life  of  iron  wire  screen  in 
jig  cells  is  from  two  to  four  a  week,  while,  in  the  rotary  screen, 
two  to  three  weeks.  Brass  wire  screens  last  from  one  to  two 
months  in  jigs,  but  are  not  used  in  rotary  screens. 

There  are  about  130  square  feet  of  screen  surface  in  the 
cleaner  and  rougher  jig  (twelve  cells,  36x42  inches),  and  in 
the  neighborhood  of  73  square  feet  on  two  rotary  screens  (6 
feet  long ;  dimensions  of  large  and  small  ends,  2^  and  2  feet) . 
These  figures  are  small  for  some  mills  and  large  for  others. 
The  cost  of  iron  or  steel  wire  screen  is,  for  the  size  (mesh) 
usually  employed,  about  60  cents  per  square  foot,  while  brass 
cloth  is  $2.50.  The  cost  of  equipping  a  plant  requiring  the 
amount  of  screening  surface  given  above  will  be,  for  the 
jig,  $78,  for  rotary  screen,  $43.80,  approximately.  The  total 
for  both  jigs  and  rotary  screens  is  then  $121.80.  The  jig 
screens  last  probably  four  weeks,  the  rotary  screens  about 
three  weeks,  constant  use.  The  cost  for  iron  jig  screens 
would  then  be  $19.50,  steel,  $20.31 ;  and  for  iron  rotary 
screens,  $14.60,  brass,  $15.20,  per  week.  The  cost  of  iron 
screens  would  then  be  $34.10,  and  for  brass,  $35.51,  per  week, 
or  $4.80  and  $5.07  per  day. 

There  is  little  difference  in  the  cost  of  perforated  metal 
and  wire  screening.  An  advantage  in  favor  of  brass  screens 
is,  besides  being  more  durable,  that  the  worn-out  screens 
can  be  sold  for  7i  to  8  cents  per  pound. 
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WEAR   OF    RUBBER   BELTING. 

No  figures  were  obtained  which  could  be  relied  upon  for 
the  wear  of  belting  (rubber  belting  being  that  most  com- 
monly used ) .  This  expense  is  approximated  with  the  other 
expenses,  which  are  practically  indeterminable,  due  to  the 
variable  character  of  the  material  handled,  the  prevailing 
acid  waters,  etc.,  etc. 

To  summarize,  the  cost  of  replacing  worn  apparatus  per 
day  is  as  follows : 

IRON. 

Wear  of  crusher  jaws $0  66 

Wear  of  roll  shells 4  28 

Wear  of  elevator  buckets 2  00 

Wear  of  screen  surfaces 4  80 

Wear  of  pipe 18 

Wear  of  spiders  and  lining  (brass  or  bronze) 1  00 

Total $12  92 

OTHER  THAN  IRON   (BRASS  AND  STEEL). 

Wear  of  crusher  jaws $1  00 

Wear  of  roll  shells 5  71 

Wear  of  spiders  and  linings 1  00 

Wear  of  screen  surfaces 5  07 

Wear  of  elevator  buckets  (iron ) 200 

Wear  of  pipes  (iron) 18 

Total $14  96 

The  average  cost  of  the  wear  per  day  on  the  different  kinds 
of  metal  in  the  above-named  apparatus  is  then  $13.94,  and  as 
most  mills  use  a  combination  of  iron,  steel,  and  brass,  the 
above  is  a  fair  average. 

Adding  to  the  expense  of  the  principal  wearing  parts,  as 

given  above,  fifteen  per  cent,  of  itself  for  the  other  items  of 

wear  not  enumerated,  the  amount  of  wear  is  $16.03,  which 

gives  the  expense  of  maintenance  per  day.     To  this  must  be 

added  the  running  expenses,  as  labor,  coal,  water,  lubricants, 

lights,  etc.,  which  are  itemized  as  follows  : 

Coal,  two  tons,  at  $2 $4  00 

Labor:  2  engineers,  first,  $2.50;  second,  $1.25  per  day  ...    3  75 

4  feeders,  two  at  $2;  two  at  $1.75  per  day 7  50 

4  jig  men,  two  at  $3.50;  two  at  $1.75  per  day 10  50 

1  millwright,  $2.25  per  day 2  25 

1  superintendent,  $4  per  day 4  00 

Total  per  day $21  90 

Water  for  boilers 3  00 

Lubricants  and  light 8  50 

Total  cost  per  day $33  40 
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Summary. 

To  the  maintenance  cost,  $33.40,  add  the  cost  of  deprecia- 
tion, $16.03,  and  we  get  $49.43  for  the  cost  of  maintaining 
a  plant  per  day.  If  the  mill  is  a  100- ton  capacity  mill,  which 
is  seldom  or  never  attained,  the  cost  for  treating  one  ton  of 
ore  would  be  about  50  cents.  Reckoning  that  only  75  tons 
are  treated,  which  is  a  fair  average  capacity  for  the  mills  in 
this  district,  the  cost  per  ton  would  be  66  cents.  If  60  tons 
are  treated,  which  is  not  uncommon,  the  cost  per  ton  would 
be  83  cents,  etc. 

Comparing  these  figures  with  those  obtained  from  custom 
mills  in  the  district,  we  see  that  the  price  charged  by  the 
mills  is  $1.25  for  rough  and  $1  per  ton  for  hand  jig  dirt. 
This  includes  the  cost  of  hauling  the  material  to  the  mill, 
which  varies  from  18  to  25  cents,  depending  on  the  accessi- 
bility and  character  of  the  material.  If  20  cents  per  ton  be 
taken  as  an  average  price  for  hauling,  and  to  this  add  the  cost 
per  ton  for  a  mill  of  a  capacity  of-60  tons  per  day,  the  cost 
of  treating  per  ton  would  be  $1.03.  If,  however,  the  mill  is 
run  on  its  own  dirt,  the  cost  per  day  will  be  that  given 
above,  83  cents,  plus  the  wages  of  the  trammer,  which  is 
$1.75  per  day,  or  3  cents  per  ton  (60-ton  mill),  which  gives 
86  cents  per  ton.  Naturally  the  cost  of  hoisting  would  figure 
into  the  cost  of  bringing  the  dirt  to  the  mill ;  but  as  this  has 
been  taken  up  under  another  head,  we  omit  introducing  it  at 
this  point,  especially  as  we  are  comparing  with  the  actual 
price  charged  for  concentrating  in  a  custom  mill,  in  which 
case  the  cost  of  hoisting  is  not  figured.  The  prices  for  treat- 
ing ore  vary  from  90  cents  to  $1.25  per  ton,  giving  a  saving 
of  4  cents  in  the  first  case,  and  39  cents  in  the  latter  case 
over  what  would  have  to  be  paid  out  for  treatment. 

The  character  of  the  material  associated  with  the  ore  has 
much  to  do  with  the  ease  and  rate  of  its  concentration.  Oc- 
casionally shale  (commonly  called  slate)  occurs  in  connec- 
tion with  the  ore  bodies ;  clay  is  also  of  common  occurrence. 
Both  of  the  above-named  materials  afiTect  the  treatment  to  a 
marked  degree,  even  reducing  the  capacity  of  the  mill  from 
60  to  45  tons.     An  extra  large  amount  of  water  must  be  used 
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in  connection  with  both  the  above-named  substances,  which 
in  itself  causes  a  waste. 

Rich  ores  are  also  more  difficult  to  treat  than  lean,  as  the 
screens  become  overloaded,  thus  preventing  a  proper  move- 
ment of  the  ore  particles,  and  causing  a  waste  by  washing  the 
ore  ofiF  the  screen. 

A  mill  fed  by  one  or  more  shafts  and  handling  100  tons  of 
ore  would  have  a  daily  expense  of — 

Extraction $43  80 

Hoisting 5  00 

Concentration 49  43 

Total  per  day $98  23 

As  there  are  usually  two  shifts  per  day,  the  cost  per  shift 
would  then  be  f49.11. 

The  above  figures  are,  as  stated,  for  a  mill  having  a  ca- 
pacity of  100  tons  per  day  ;  but  this,  as  has  been  remarked, 
is  much  higher  than  is  usual  in  the  district.  The  cost  for 
running  a  hundred-ton-capacity  mill  at  the  rate  of  60  tons 
per  day  does  not  mean  that  the  running  expenses  are  cut 
down  in  proportion  to  the  amount  of  material  run  through. 
There  is  little  or  no  difiTerence  in  the  running  expenses  of  a 
mill  whether  run  at  full  capacity  ( 100  tons)  or  at  a  lower 
rate,  say  60  tons.  The  only  difference  in  expense  would  be 
possibly  an  extra  feeder,  which  would  not  materially  affect 
the  calculations  as  given  above. 

Sugrgrested  Improvements. 

A  careful  study  of  the  methods  practiced  in  the  Galena 
lead  and  zinc  district  shows  that,  in  spite  of  painstaking  ef- 
fort on  the  part  of  the  mine  and  mill  owners  and  operators, 
ther^  is  a  large  waste  not  only  of  mineral  but  of  power.  Com- 
paring the  methods  employed  here  with  those  in  use  in  the 
treatment  of  the  same  and  similar  ores  in  other  localities,  it 
is  seen  that  there  are  various  processes  successfully  em- 
ployed by  which  the  waste  of  ore  and  power  experienced 
could,  to  a  large  extent,  be  prevented.  It  is  for  the  purpose 
of  calling  attention  to  some  of  these  methods  and  processes, 
together  with  some  of  the  ill-applied  processes  now  in  use, 
that  the  suggestions  following  have  been  made,  with  the 
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hope  that  the  former  may  be  tried  and  the  latter  mollified  or 
discarded. 

It  has  been  noticed,  however,  that  some  of  the  mine  oper- 
ators have  recently  observed  certain  sources  of  waste,  and 
consequently  loss,  brought  about  by  ill-adapted  and  uneco- 
nomical methods  and  are  striving  to  eliminate  the  cause  by 
changing  the  practice. 

The  different  operations  are  discussed  in  the  order  in  which 
they  occur,  from  mining  to  concentration,  namely:  Mining, 
hand  picking,  hauling,  hoisting,  feeding,  concentrating, 
pumping,  and  drilling. 

MINING. 

The  method  of  mining  (underhand  stoping)  employed 
seems  to  be  the  best  under  the  prevailing  conditions.  Over* 
hand  stoping  is  not  applicable,  except  perhaps  in  rare  in- 
stances, as  the  deposits  are  not  in  veins,  but  are  of  such  an 
extent  as  to  prohibit  the  use  of  stulls,  struts,  or  any  standard 
form  of  support.  Scaffolding  would  therefore  be  rather  hard 
to  construct  and  maintain.  When  underhand  stoping  is  car- 
ried on  properly  it  assists  in  transferring  the  ore  to  the  bot- 
tom of  the  shaft,  and  when  all  of  the  material  loosened  is 
mine  dirt,  or  mill  dirt,  it  is  especially  applicable ;  but  when 
the  material  mined  is  lean,  necessitating  much  hand  pickings 
it  is  usually  considered  of  not  enough  value  to  mine  for 
concentration. 

The  main  objection  to  the  present  practice  in  mining  is 
the  lack  of  system  in  providing  support  for  the  workings. 
Many  serious  falls  have  occurred,  extending  to  the  surface  in 
many  cases,  and  have  resulted  not  only  in  the  destruction^ 
or  partial  destruction,  at  least,  of  the  workings,  but  in  several 
cases  the  mine  and  mill  buildings  and  other  constructions. 
Where  pillars  couldbeconveniently  formed  in  waste  (barren) 
ground  without  placing  them  too  far  apart,  it  would  seem 
advisable  to  place  permanent  supports  such  as  cogs  or  pen& 
constructed  of  rough  timbers  and  filled  with  waste  rock.  By 
such  a  system  practically  all  of  the  ore  could  be  removed,  except 
that  which  lies  directly  beneath  the  surface  works,  ponds,  etc. 
Then,  again,  the  utilization  of  the  wastes,  both  of  mining  and 
milling,  as  support  for  the  underground  workings  as  fillings 


^RANE.J  Economy  of  Mining  Operations,  359 

n  only  possible   but  extremely  practicable.     la  many 

'  would  require  less  work  in  handling  to  conduct  such 

Tck  to  the  mine  than  to  store  on  the  surface  ;  further- 

^  is  a  twofold  advantage  in  such  a  disposition  of 

^ducts,  namely,  unencumbered  surface  and  sup- 

igs. 

PROSPECTING    AND    DEVELOPMENT. 

.d  can  be  said  in  the  nature  of  suggested  improvements 
.lative  to  prospecting,  although  a  marked  lack  of  system  is 
noticeable  in  the  work  as  usually  conducted,  which,  consider- 
ing the  character  and  occurrence  of  the  deposits,  is  hardly  to 
be  wondered  at.  Nevertheless  a  systematic  arrangement  of 
holes  over  the  locality  prospected  would  be  more  indicative 
of  the  extent,  if  not,  the  actual  value  of  the  particular  locality, 
than  a  haphazard  arrangement  or  rather  lack  of  arrange- 
ment. However,  the  employment  of  more  care  and  system 
both  in  prospecting  and  development  would  eliminate  much 
of  the  risk  to  which  investment  in  the  district  is  subject. 

A  deposit  should  be  thoroughly  proven  by  drifts  and  levels 
run  according  to  the  indications  present  and  the  best  judg- 
ment of  the  person  in  charge  before  any  great  expenditure  is 
made  on  top  work,  concentrating  plant,  etc.  Stock  piles  of 
the  mineral  removed  while  the  work  is  being  carried  on  can 
be  formed  which  will  pay  the  expense  of  building  the  con- 
centrating plant,  if  the  mine  develops  well,  or  sold  to  custom 
mills  if  the  deposit  proves  of  small  extent. 

HAND    PICKING. 

Hand  picking  should  be  employed  when  the  ore  is  quite 
rich.  The  objection  to  hand  picking  under  ground  is  twofold, 
namely,  too  little  light,  and  not  sufficient  room  to  store  waste 
in.  Usually  the  worked-out  portion  of  the  mine  is  suffi- 
ciently large  to  allow  commodious  quarters  for  hand  picking 
and  "cobbing,'.'  while,  by  the  employment  of  some  improved 
form  of  artificial  lighting  apparatus,  as  the  Wells  light,  suffi- 
cient light  for  hand  picking,  and  in  many  cases  mining, 
tramming,  etc.,  could  be  had,  and  at  small  expense.  In 
most  mines  there  is  a  worked-out  stope,  ranging  from  20  to 
40  feet  high,  and  as  wide  and  long  or  longer,  which  would 
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furnish  ample  room  for  the  waste  and  refuse  material  result- 
ing from  hand  picking. 

The  benefits  resulting  from  hand  picking  below  in  the 
mine  would  be  fourfold,  namely:  First,  a  saving  in  hoist- 
ing ;  second,  a  saving  in  time  of  skilled  labor  in  the  crusher 
room,  which  at  present  is  detracted  from  feeding,  to  reduce 
the  boulders  to  crusher  size;  third,  a  saving  in  wear  on 
crusher  and  rolls ;  and  fourth,  less  wear  and  better  work  on 
the  part  of  the  concentrating  machinery,  due  to  not  being 
overcharged  with  waste  material. 

Hand  picking,  as  considered  above,  includes  a  slight  reduc- 
tion of  ore  by  sledge  or  hammer — practically  the  same  as  is 
now  done  in  the  crusher  room,  but  differing  in  that  the  waste 
is  more  carefully  removed  from  the  mill  dirt.  True,  a  con- 
siderable amount  of  hand  picking  is  done  in  the  crusher 
room,  but  it  is  done  by  high-priced  labor,  and,  there- 
fore, very  close  picking  is  not  desirable ;  if,  however,  this 
were  done  by  unskilled,  cheap  labor,  under  ground,  the  ex- 
pense would  be  less  in  most  cases,  even  with  the  extra  ex- 
pense of  light  and  supervision,  and  the  result  many  times 
more  satisfactory,  than  when  it  is  done  in  the  crusher  room. 

A  sizing  is  attempted  in  some  mills  by  means  of  grizzlies, 
but  little  or  no  hand  picking  accompanies  it,  except,  possi- 
bly, when  the  larger  masses  are  reduced  by  sledge.  When 
hand  picking  is  not  a  possibility  in  the  mine,  it  might  be 
done  to  advantage  in  the  crusher  room,  even  if  the  room  had 
to  be  reconstructed.  The  life  of  all  reducing  and  concentrat- 
ing apparatus  would,  by  this  means,  be  much  enhanced. 

HAULING. 

Hauling,  both  above  ground  and  below  in  the  mine,  as  now 
conducted,  does  very  well  for  short  distances.  It  is  generally 
considered  better  and  cheaper  to  sink  a  new  shaft  than  to 
tram  ore  under  ground  for  distances  above  200  feet,  and,  as 
the  mines  are  rarely  over  100  feet  deep,  this  is  probably  true. 
The  problem  of  surface  hauling  is  radically  different,  and 
here,  it  seems,  improvements  might  be  introduced  to  good 
advantage  with  distances  of  over  300  feet  and  possibly  less. 
Much  time  is  lost  by  hand  tramming  and  dumping,  or  even 
when  self  acting  planes  are  employed.     From  the  use  of  rope 


Crane.]  Economy  of  Mining  Operations.  361 

ways  and  various  forms  of  rope  and  cable  haulage  in  many 
mining  districts  it  would  seem  practicable  to  employ  the  same 
here. 

The  Brown  Conveyor  Company,  of  Cleveland,  Ohio,  has 
on  the  market  an  excellent  form  of  conveyor,  used  largely  in 
handling  ores.  Plate  XLVII.  The  simpler  and  cheaper  forms 
of  such  conveyors  might  be  used  to  advantage  here.  The  Tren- 
ton Iron  Works,  of  Trenton,  N.  J.,  also  deal  in  all  forms  of 
rope  haulage,  and  have  supplied  many  mining  districts  with 
systems  of  ore  transference.  A  form  of  rope  haulage,  known 
as  the  Bleichert  system,  was  employed  at  the  Ozark  Mining 
Company's  plant,  and,  as  far  as  it  was  possible  to  ascertain, 
proved  perfectly  satisfactory  in  all  respects. 

HOISTING. 

Hoisting  from  the  comparatively  shallow  workings  of  this 
district  is  carried  on  about  as  economically  and  to  as  good 
advantage  as  possible,  except  possibly  there  might  be  an  ad- 
vantage in  the  use  of  balanced  hoisting,  but  when  the  mining 
operations  reach  the  lower  levels  it  would  be  unwise  to  con- 
tinue the  present  practice,  but  balanced  hoisting  with  cages 
should  be  employed.  In  a  few  instances  cages  are  employed, 
and  by  their  use  the  capacity  of  the  hoisting  plant  and  the 
ease  of  handling  the  ore  are  much  increased. 

FEEDING. 

The  feeding  of  ore  to  the  crusher,  from  which  it  is  in  turn 
fed  to  the  other  concentrating  apparatus,  is  a  phase  of  treat- 
ment which  demands  close  study  and  careful  adjustment. 
This  has  not,  however,  until  within  the  last  year,  received 
any  attention  other  than  to  simply  crowd  everything  that 
comes  to  the  crusher  room  through  the  crusher,  regardless  of 
its  quality,  quantity,  and  size.  The  sizing  of  the  material 
from  the  mine  was  the  first  step  taken  toward  improving  the 
method  of  feeding,  and  this  was  done  mostly  to  separate  the 
boulders  and  all  that  could  not  be  passed  through  the  crusher 
from  the  smaller  sizes,  so  that  it  could  be  reduced  by  hand 
and  hand  picked  to  a  limited  extent.  Few  mills,  however, 
have  introduced  sizing  apparatus,  such  as  grizzlies,  in  the 
crasher  room. 
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Within  the  past  year,  an  attempt  has  been  made  to  divert 
from  the  crusher  such  material  as  is  of  such  a  size  to  allow 
it  to  pass  at  once  to  the  first  set  of  rolls,  or,  better  still,  to 
the  rougher  jig.  Too  much  cannot  be  said  in  favor  of  the  lat- 
ter method,  and  when  combined  with  hand  picking,  whether 
under  ground  or  in  the  crusher  room,  will  materially  change 
the  method  of  the  milling  of  ore  in  this  district. 

What  is  needed,  then,  is  a  thorough  system  of  sizing  of  all 
the  products  of  the  mine  which  are  brought  to  the  crusher 
room.  The  mine  run  dirt,  while  upon  the  floor  of  the  crusher 
room,  might  be  thoroughly  washed  of  all  flne  materials,  dirt, 
slime,  etc.,  washed  from  the  pile  of  ore  and  borne  down 
the  sloping  floor  of  the  room  (the  inclination  could  easily 
be  determined)  over  gratings  or  wire  and  perforated  metal 
screens,  when  it  could  be  sized,  and  each  product  con- 
ducted by  launders  or  gravity  spouts  to  the  apparatus  in- 
tended to  receive  such  sizes.  In  each  of  the  respective 
machines  it  would  join  the  material  which  at  the  same  time 
is  fed  into  the  crusher  by  hand,  as  is  now  done,  and  which 
would  have  been  reduced  to  the  size  of  the  material  sent  at 
once  to  the  respective  apparatus.  By  this  means  the  slimes 
could  be  fed  at  once  into  the  sand  jig  or  to  the  slime-washing 
apparatus,  the  next  size  above  that  to  the  rougher,  while  the 
next  above  that  would  go  to  the  flrst  set  of  rolls,  thus  saving 
the  wear  of  machinery  and  waste  of  mineral  by  too  frequent 
and  close  crushing,  the  latter  being  especially  great  with  fri- 
able ores,  as  lead  and  zinc. 

CONCENTRATION. 

Concentration  is  accomplished  by  means  of  both  reduction 
machinery  and  concentrating  apparatus  proper,  such  as  jigs, 
tables,  etc.  No  special  criticism  can  be  made  upon  the  ap- 
paratus employed,  except  possibly  the  arrangement,  which 
needs  to  be  altered  to  fit  prevailing  conditions,  as  character 
of  ore,  etc.  The  main  difficulty  is  that  concentration  is  not 
carried  far  enough.  A  vast  amount  of  float  or  flour  mineral 
occurring  naturally,  also  produced  by  the  crushing  and  re- 
crushing  of  coarse  and  flne  together,  and  due  to  various 
causes,  is  a  source  of  great  loss.  No  systematic  attempt  has 
been  made  to  prevent  this  loss  in  the  mills  except  by  the  so- 
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called  *' sludge"  mills,  which  treat  the  waste  product  of  the 
other  or  main  concentrating  mills.  It  is  needless  to  state 
that  they  have  and  do  pay  when  properly  operated — this,  too, 
on  tailings ;  if,  however,  they  could  treat  only  the  waste 
product  from  the  jigs,  especially  the  cleaner  and  sand  jigs, 
unmixed  with  other  waste,  they  would  be  still  more  remu- 
nerative. 

If,  in  connection  with  the  regular  concentrating  mills, 
some  form  of  slime-washing  apparatus  could  be  employed, 
the  large  percentage  of  waste  now  tolerated  would  be  reduced 
to  a  trifling  amount. 

Such  apparatus  as  the  concave  and  convex  buddies  (espe- 
cially the  convex  form),  the  round  table  with  the  Evans 
apron,  the  Wilfley  shaking  table,  and  the  settling  tanks  or 
classifiers,  as  the  spitz  kasten  and  lutten,  are  to  be  recom- 
mended. 

It  is  to  be  hoped  that  the  mill  owners  and  operators  will 
not  be  willing  to  let  others  reap  the  harvest  after  them,  as 
has  been  done  in  the  past,  and,  even  then,  not  done  well  and 
thoroughly  as  if  they  themselves  were  to  attempt  it. 

The  answer,  often  made  to  the  query  whether  or  not  any 
material  is  sent  to  the  sludge  mill,  that  "The  sludge  mill 
will  not  take  our  waste  product,"  is  rather  misleading  to  a 
novice,  but  not  so  to  one  well  acquainted  with  the  methods 
and  the  results  of  the  same.  In  most  cases  there  is  only  one 
explanation  ;  i.  e.,  that  the  operators,  either  to  conceal  known 
wastes  or  otherwise,  have  mixed  the  rich  slimes  and  sand 
with  barren  waste  to  such  an  extent  that  too  much  material 
must  be  treated  to  reclaim  the  ore,  and,  therefore,  the  re- 
fusal to  attempt  it. 

What  is  needed  is  not  so  much  richer  mines,  but  better 
and  more  economical  methods  of  treatment. 

PUMPING. 

Pumping  can  undoubtedly  be  done  at  the  least  expense  by 
means  of  the  Cornish  pump.  In  the  deeper  mines,  where 
two  lifts  would  be  necessary,  the  steam-pumps  would  prob- 
ably be  the  more  convenient.  Some  means  of  reducing  the 
expense  of  repairs  and  replacing  the  pumps,  pipes,  etc.,  is 
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the  most  important  improvement  to  be  made.  It  would 
seem  advisable  to  employ  wooden  pipes  ( at  any  rate  on  the 
centrifugal  pumps ) ,  or  to  treat  the  pipes  with  some  prepara- 
tion to  prevent  the  action  of  the  acid  waters  destroying 
them.  It  has  been  proposed  to  use  tar  and  apply  while  hot. 
However,  tar  washes  oflf  quite  readily  ;  so  wooden  staves  have 
been  used,  lining  the  interior  of  the  pipe,  which  protects  the 
tar  from  abrasion. 

DRILLING. 

Drilling  by  compressed  air  and  steam  is  gradually  taking 
the  place  of  hand  work.  Compressed  air  is  excellent,  as  it 
forms  a  good  means  of  driving  the  drill  and  also  aids  venti- 
lation. On  the  contrary,  steam,  when  used  in  the  drill,  does 
not  materially  aid  ventilation,  but  rather  tends  to  make  the 
mine  air  more  difficult  to  work  in,  due  to  added  moisture,  and 
to  produce  a  rise  in  the  temperature.  The  passage  of  steam 
pipes  for  any  considerable  distance  in  the  cool  mine  or  on  the 
surface  causes  a  waste,  due  to  radiation  and  condensation, 
especially  in  the  winter  months.  Taking  all  the  advantages 
and  disadvantages  into  consideration,  it  is  not  advisable  to 
use  steam  as  a  motive  power  for  power  drills. 

The  above  suggestions  are  given  not  because  they  are  new, 
but  because  they  have  been  and  are  successfully  employed  in 
many  mining  districts.  There  is  no  doubt  but  what  some  of 
the  improvements  mentioned  above  would  prove  as  successful 
here  as  in  other  districts,  and  would  greatly  enhance  the  min- 
ing industry  of  the  district. 

ADDENDA. 

Under  this  heading  are  grouped  certain  facts  and  data 
which,  taken  in  conjunction  with  the  descriptions  and  dis- 
cussions of  the  body  of  the  report,  may  serve  to  further  eluci- 
date the  principles,  methods  and  processes  given  therein*. 
The  main  object,  however,  in  presenting  this  material  is  ta 
illustrate  present  practice,  especially  in  those  parts  in  which 
progress  has  been  most  marked  and  rapid.  Lack  of  time 
prevents  a  thorough,  detailed  review  of  the  present  practice, 
80  that  only  that  material  that  is  at  hand  and  available  for 
this  purpose  is  given.     The  subjects  discussed  must  of  ne- 
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cessity,  therefore,  be  given  in  a  more  or  less  disconnected 
way,  but  follow  the  same  order  as  given  in  the  report. 

Prospectingr  and  Development. 

The  methods  of  prospecting  employed  at  present  differ  but 
little  from  those  in  previous  use,  while  little  more  can  be  said 
regarding  development  in  the  same  kind  of  ground  as  was 
formerly  worked.  New  districts  with  a  different  occurrence 
of  ore,  however,  have  been  discovered,  and  are  now  being 
extensively  worked.  The  bedded  or  sheet  ground  is  that  re- 
ferred to,  and  has  added  to  the  Joplin  region  several  remark- 
ably rich  and  extensive  districts.  The  sheet  deposits  are 
more  uniform,  and  consequently  much  easier  to  work,  than 
were  the  extremely  irregular  massive  deposits  which  pro- 
duced the  great  bulk  of  ore  a  few  years  back. 

The  development  as  well  as  prospecting  of  the  sheet 
ground  is  not  only  much  easier  but  more  reliable,  and  is 
able,  in  this  particular  case,  to  be  differentiated  from  mining 
proper,  which  was  not  always  the  case  previously. 

Development  work  is  carried  on  in  the  sheet  ground  by 
drifts  run  systematically  in  the  deposit,  which  usually  con- 
form with  the  pitch  of  the  ground,  provided  it  is  not  pitched 
at  too  high  an  angle.  These  lines  of  drifts  are  driven  ahead 
of  the  workings,  and  so  prove  the  character  and  extent  of  the 
deposit,  thus  determining  when  and  where  the  mining  opera- 
tions proper,  i.  e.,  extraction,  shall  begin  and  how  extend. 

Miniug. 

The  only  radical  change  in  the  system  of  mining  was 
brought  about  by  the  opening  up  of  the  sheet  ground,  when 
both  under-  and  overhand  stoping  were  largely  done  away  with 
and  breast  stoping  almost  wholly  employed. 

By  the  successive  operations  of  development  and  raining 
or  extraction  about  the  foot  of  the  shaft,  the  deposit  is  de- 
veloped into  a  long- wall  face,  from  which  to  the  shaft  extend 
lines  of  track  for  hauling  away  the  loosened  ore  and  wastes. 
The  method  does  not  differ  essentially  from  the  method  of 
mining  coal  by  long  wall,  except  that  the  ore  is  not  loosened 
by  undercutting  and  wedging  or  blasting  down,  but  by  ver- 
tical cuttings  in  the  face,  extending  from  top  to  bottom.    The 
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unbound  rock  and  ore  on  either  side  of  the  cutting  is  then 
blasted  in  the  opening  thus  formed,  and  the  operation  of  cut- 
ting and  knocking  down  is  continued  until  the  bounds  of  the 
deposit  are  reached.  A  plan  of  a  section  of  a  working  face, 
showing  cuttings  and  arrangement  of  holes  for  knocking 
down  the  ore,  is  shown  in  figure  15. 
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Vig.  15.    Method  of  workinsr  sheet  ground. 


Treatment  of  Ores. 


Mine  run  ore  is  now  being  screened  in  many  cases  and  the 
sizes  thus  produced  are  sent  directly  to  the  apparatus  in- 
tended to  handle  them.  The  reducing  and  sizing  apparatus 
are  by  this  means  relieved  of  large  quantities  of  material 
either  too  large  or  too  small  for  them  to  handle  conveniently. 
In  a  similar  manner  certain  of  the  concentrating  apparatus 
are  relieved  of  an  extra  burden  of  mineral  which  crowds 
t))em  ieind  renders  good  separation  impossible.  Such  an  ar- 
rangement regulates  the  feed  to  the  jigs  and  other  concen- 
trating apparatus. 

Slime   Tbbatmbmt.* — The  employment  of  a  systematic 

*  Excerpt  from  an  article  in  the  Ehig.  and  Min,  Journal,  Apr.  28, 19H  P.  688,  by  W.  R.  Graae. 
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treatment  of  slimes  was  undertaken  at  an  earlier  date,  and 
is  now  more  commonly  practiced  in  the  Joplin  than  in  the 
Galena  portion  of  the  district,  although  during  the  last  few 
years  there  has  probably  been  a  more  rapid  development 
along  this  special  line  of  work  in  the  latter  locality. 

Special  concentrating  mills,  commonly  known  as  sludge 
mills,  have  been  designed  for  the  treatment  of  tailings,  sand, 
and  slimes,  resulting  from  poorly  constructed  mills  or  care- 
less treatment  of  ores. 

One  of  the  first  sludge  mills  of  large  capacity  was  designed, 
built  and  operated  by  Emmons  &  Crowe,  who  later  sold 
out  to  another  company.  This  mill  is  still  in  operation,  as 
are  several  others  of  similar  design. 

The  latest  sludge  mill  to  begin  operations  in  the  Galena 
district  is  owned  and  operated  by  Messrs.  Murphy  &  Friel, 
and  is  located  almost  within  the  city  limits  of  Galena.  As 
this  mill  has  most  of  the  slime-treating  apparatus  common 
to  the  sludge  mills,  also  several  new  and  important  features, 
especially  with  respect  to  special  apparatus  for  treating  low 
grade  and  refuse  materials  obtained  from  the  waste  banks  of 
the  standard  concentrating  mills,  it  may  be  taken  as  typical 
of  the  mills  operating  in  the  district.     Plate  XLVI. 

The  mill  consists  of  three  parts,  namely,  the  powef  plant, 
the  tailings  mill,  and  the  slime  department. 

THE    POWER    PLANT. 

The  power  plant  consists  of  two  boilers,  an  80  horse-power 
Erie  and  a  100  horse-power  Freeman,  which  are  fed  by  a 
Snow  pump,  with  suction  and  discharge  of  H  and  li  inches, 
respectively.  Directly  behind  the  boilers  is  the  water-supply 
tank  for  the  boilers,  which  is  connected  with  the  city  water- 
works. These  boilers  furnish  power  for  two  Erie  engines, 
which  have  12x18  inch  and  11x16  inch  cylinders,  re- 
spectively, and  a  small  engine  (5x7  cylinder)  for  driving  a 
generator.  The  larger  of  the  Erie  engines  drives  the  main 
line  shaft  in  the  tailings  mill,  while  the  smaller  drives  the 
machinery  in  the  slime  department  and  a  centrifugal  pump 
in  the  tailings  mill. 

The  generator  is  a  No.  1  Triumph  Electrical  Company 
(Cincinnati,  Ohio)  make,  runs  at  1300  revolutions  per  min- 
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ute,  produces  24  amperes  at  125  volts,  and  maintains  100 
incandescent  lights  for  the  illumination  of  the  plant. 

THE    TAILINGS    MILL. 

Directly  to  the  rear  of  the  power  plant  is  the  tailings  mill, 
in  which  are  installed  rolls,  screens,  elevators,  and  jigs,  which 
are  arranged  and  operated  in  a  manner  similar  to  that  em- 
ployed in  a  standard  concentrating  mill. 

The  rolls  are  of  the  Cornish  type,  having  diameters  and 
width  of  face  of  20  and  12  inches,  respectively.  Both  Nos.  1 
and  2  rolls  are  run  at  50  revolutions  per  minute. 

There  is  but  one  trommel  in  the  tailings  mill,  which  re- 
ceives the  discharge  from  the  chats  elevator.  It  is  36  inches 
in  diameter  by  48  inches  long,  is  covered  with  perforated 
metal  having  1  mm.  round  holes,  and  is  run  at  a  speed  of  20 
revolutions  per  minute.  A  flat  screen  receives  the  discharge 
of  the  dirt  elevator,  is  3  feet  wide  by  10  feet  long,  and  is  pro- 
vided with  perforated  metal  having  i  mm.  round  holes. 

The  following  table  gives  data  for  the  elevators  operating 
in  the  tailings  mill : 


Purpoee. 

Kind. 

Plan.  feet. 

Height, 
feet. 

Bucket. 

Batter, 
inch  to  foot. 

Speed. 
ft.permin. 

Dirt 

Belt  and  bucket. 

8X10 
8X12 
8X10 
8X10 
8X10 
4X16 
4X16 

18 
18 
18 
10 
10 
66 
86 

6X10 
6X10 
6X   8 
6X  8 
6X   8 
6X10 
6X10 

ltol.6 

ltol.6 

ltol.6 

ltol.6 

ltol.6 

lto2 

lto2 

800 

Slime 

800 

Feed 

800 

Smittem 

800 

Chats 

800 

Tailings.  No.  1... 
TaUings.  No.2... 

800 
800 

There  are  two  jigs,  a  rougher  and  a  cleaner.  The  former 
has  six  30x48  inch  cells,  which  are  fitted  with  five  mesh  to 
the  inch  brass  wire  screens;  the  latter  also  has  six  30x48 
inch  cells,  which  are  fitted  with  six  mesh  to  the  inch  brass 
wire  screens.  The  length  and  number  of  strokes  in  the  two 
jigs  are  1  and  f  inch,  and  75  and  125  per  minute  (150  and 
250  revolutions  per  minute  of  jig  shafts) ,  respectively.  All 
the  plungers  of  each  jig  are  run  at  the  same  speed ;  i.  e.,  the 
shafts  are  not  broken. 

Details  of  Rougher  Jig. — Owing  to  the  difficulty  experi- 
enced in  handling  large  quantities  of  low  grade  mineral, 
such  as  tailings,  on  an  ordinary  multiple  cell  jig,  a  slight 
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modification  was  made  in  the  construction,  which  consists  in 
putting  in  high  transverse  partitions,  thus  changing  from  a 
multiple  six  ceil  to  a  six  cell  single-acting  jig.  The  product 
fed  to  the  jig,  instead  of  passing  from  one  cell  to  another  un- 
til the  full  length  of  the  jig  has  been  traversed,  is  fed  to  each 
cell  separately,  and,  on  passing  that  cell,  leaves  the  jig.  The 
advantage  of  guard  cells  is  thus  eliminated  from  the  work- 
ing of  the  jig.  The  products,  namely,  overflow,  discharge, 
and  hutch,  are  also  obtained  with  this  jig,  and  are  probably 
cleaner  than  those  otherwise  produced.  This  jig  is  not 
claimed  to  be  useful  in  handling  other  than  low-grade  min- 
erals, but  with  such  and  waste  products  from  coarse  con- 
centration, it  seems  to  answer  the  purpose  better  than  an 
ordinary  multiple  cell  jig. 

There  are  two  centrifugal  pumps  in  the  tailings  mill.  No. 
1  furnishes  the  mill  with  water,  drawing  its  supply  from  the 
mill  pond,  and  has  suction  and  discharge  6  and  5  inches,  re- 
spectively, being  driven  at  a  speed  of  1500  revolutions  per 
minute.  No.  2  handles  the  discharge  from  the  cleaner  jig ; 
has  4  inch  suction  and  3  inch  discharge,  and  runs  at  a  speed 
of  800  revolutions  per  minute. 

To  the  left  of  the  tailings  mill,  and  projecting  into  the 
driveway  which  runs  between  and  separates  the  tailings  mill 
from  the  slime  department,  is  located  a  grizzly,  horizontally 
placed,  and  level  with  the  ground.  This  grizzly  is  3x6  feet 
in  plan,  is  made  of  li  inch  bars,  spaced  li  inches  apart,  and 
receives  the  materials  fed  to  the  tailings  mill. 

THE    SLIME    DEPARTMENT. 

The  slime-treating  part  of  the  plant  receives  a  portion  of 
the  material  treated  therein  from  the  tailings  mill,  as  does 
the  latter  from  the  slime  department,  the  two  parts  being  con- 
nected by  launders. 

The  concentrating  apparatus  installed  in  this  portion  of 
the  plant  consists  of  buddies,  tables,  and  trommels. 

There  are  two  large  convex  buddies,  which  are  20  feet  in 
diameter,  with  6  foot  drums  and  distributing  aprons.  The 
bottoms  of  the  buddies  have  a  slope  of  about  1  inch  to  the  foot. 
There  are  six  sweeps  to  each  buddle,  which  are  driven  at  a 
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speed  of  6  revolutions  per  minute.  One  of  these  buddies  is 
employed  as  a  rougher,  the  other  as  a  cleaner ;  the  former 
has  the  pit  raised  above  the  floor,  for  convenience  in  handling 
the  products,  while  the  latter  is  sunk  below  the  level  of  the 
floor.  Besides  these  large  buddies  there  are  three  9  foot,  all 
metal  buddies  of  a  new  design,  and  but  recently  patented. 
The  drums  of  these  buddies  are  6  feet  in  diameter,  while  the 
buddies  proper  are  9  feet,  thus  leaving  only  an  18  inch  annu- 
lar space  for  the  slimes  to  collect  upon.  The  rims  of  these 
buddies  are  made  of  sheet  metal,  and  have  a  vertical  adjust- 
ment of  some  10  inches,  which  movement  is  produced  and 
controlled  by  the  driving  mechanism  of  the  buddies.  The 
upward  movement  of  the  rims  can  be  varied  at  will,  being 
fast  or  slow  as  the  mineral  treated  varies  in  richness.  The 
usual  rate  of  movement  is  2  inches  per  hour.  With  this 
buddle  there  is  no  deep  basin  in  which  waste  material  can 
catch  and  accumulate,  and  an  even  flow  is  also  secured  radially 
from  the  centrally  placed  distributing  apron.  These  buddies 
stand  some  distance  above  the  floor  on  metal  legs,  and  are, 
therefore,  easily  accessible. 

At  present  these  new  buddies  are  employed  as  roughers 
only.  They  are  all  driven  at  a  speed  of  14  revolutions  per 
minute. 

A  3x12  foot  hand  buddle  is  operated  in  conjunction  with 
the  power  buddies,  which  treats  complex  residues  coming 
from  the  roughers. 

Two  Wilfley  tables  are  installed  in  this  department  and  an- 
other one  is  to  be  added  shortly.  The  tables  are  run  at  a 
speed  of  225  strokes  per  minute  and  are  the  finishers  of  the 
plant. 

Two  trommels  handle  the  discharge  from  the  dirt  elevator ; 
the  first  in  the  series  is  a  9  foot  jacketed  screen,  with  diame- 
ters of  outer  and  inner  drums  48  and  30  inches,  respectively. 
They  are  covered  with  perforated  metal  screens  having  6  and 
1  mm.  round  holes.  The  undersize  from  this  trommel  goes 
to  another  trommel,  which  is  10  feet  long  and  36  inches  in 
diameter,  and  is  covered  with  perforated  metal  with  f  mm. 
round  holes.     The  oversize  from  both  trommels  unites  and 
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passes  to  the  tailings  mill.  The  speed  of  both  trommels  is  20 
revolutions  per  minute. 

There  are  two  elevators  operating  in  connection  with  the 
slime  department — the  dirt  elevator,  situated  without  the 
building,  is  4x  10  feet  in  plan  and  20  feet  high,  while  the  bud- 
die  feed  stands  within  the  building,  and  is  3x8  feet  in  plan 
and  16  feet  high.  They  are  bucket  elevators,  as  are  all  others 
in  the  plant,  with  buckets  bolted  to  rubber  belting,  and  are 
driven  at  a  speed  of  300  feet  per  minute. 

The  scheme  of  treatment  is  as  follows  : 

Fine  tailings  and  sands  by  scrapers  and  shovels  to  1. 

1.  Dirt  elevator  No.  1  to  2. 

2.  Trommel  (jacketed)  with  6  and  1  mm.  round  holes;  oversize  to  3, 

undersize  to  4. 

3.  One  pair  No.  1  rolls,  20x12  inches,  set  ^  inch  apart,  to  5. 

4.  Trommel  with  f  mm.  round  holes ;  oversize  to  3,  undersize  to  15. 
Tailings  dumped  on  grizzly  to  la. 

la.  Dirt  elevator  No.  2  to  2a. 

2a.  Shaking  screen  with  {  mm.  round  holes ;  oversize  to  3,  undersize 

to  3a. 
3a.  Elevator  (slime  feed)  to  15. 

5.  Elevator  (jig  feed)  to  6. 

6.  One  6  sieve  (modified)  Harz  jig;  discharge  to  7,  hutches  to  8,  and 

tailings  to  9. 

7.  Elevator  (chats)  to  10. 

8.  Elevator  (smittem)  to  11. 

9.  Elevator  (tailings)  to  waste  bank. 

10.  Trommel  with  1  mm.  round  holes ;  oversize  to  12,  undersize  to  6. 

11.  One  6  sieve  Harz  jig ;  discharge  by  No.  2  centrifugal  pump  to  10 ; 

first  hutch  to  13,  remaining  hutches  to  14. 

12.  One  pair  No.  2  rolls,  20x12  inches,  set  close  together,  to  7. 

13.  Galena  (finished  product)  to  bin. 

14.  Blende  (finished  product)  to  bin. 

15.  Three  buddies,  Nos.  1,  2,  and  3 :  No.  1,  a  20  foot  convex ;  Nos.  2 

and  3  are  9  foot  Emmons  buddies ;  inner  i  from  No.  1  to  17 ;  mid- 
dle i  from  No.  1  to  16 ;  outer  i  from  No.  1  to  waste  bank.  Product 
from  Nos.  2  and  3  to  17. 

16.  One  3x12  foot  hand  buddle ;  product  reworked  until  fit  to  go  to  19. 

17.  One  No.  5,  20  foot  convex  buddle ;  inner  i  from  No.  5  rerun  on  No.  5, 

inner  I  of  which  goes  to  20,  outer  J  of  which  goes  to  19 ;  outer  i 
from  No.  5  to  No.  5,  inner  §  of  which  goes  by  elevator  to  18,  the 
remaining  i  of  which  goes  to  19. 

18.  One  No.  4,  7  foot  Emmons  buddle  to  16  and  17. 

19.  Two  Wilfley  tables ;  concentrates  to  20,  overflow  to  No.  1,  15. 

20.  Finished  product  to  ore  bin. 

The  minerals  treated  by  this  mill  are  varied,  and  come  from 


872  University  Oeological  Survey  of  Kansas. 

all  parts  of  the  Galena  portion  of  the  district,  even  being 
hauled  from  four  to  five  miles.  The  price  paid  varies  both 
with  value  of  mineral  and  length  of  haul.  Tailings  are  sel- 
dom hauled  more  than  three-fourths  of  a  mile,  while  sands 
are  hauled  from  two  to  three  miles.  The  prices  paid  for  rich 
sands,  tailings,  and  poor  sands  and  dirt  are  twenty-five, 
fifteen  and  ten  cents  per  ton,  respectively,  which  vary  with 
distance.  About  one  cent  is  added  to  the  figures  given,  per 
ton  per  mile. 

The  capacity  of  the  mill  for  rough  material  per  day  of 
twenty-four  hours  is  close  to  120  loads  of  tailings,  weight 
about  4600  pounds  per  load,  and  60  loads  of  sand,  approxi- 
mate weight,  6000  pounds  per  load.  The  per  cent,  of  mineral 
in  tailings  and  sands  is  li  to  3,  and  3  to  6  (even  up  to  10), 
respectively. 

The  waste  product  from  the  tailings  mill  is  raised  by  two 
bucket  elevators,  which  act  together ;  the  first  raising  to  a 
height  of  66  feet  and  delivering  to  the  second,  which  is  35 
feet  high,  and  is  120  feet  distant  from  the  first.  It  also 
stands  36  feet  above  the  ground.  The  total  lift  is  then  90 
feet,  while  the  lateral  transference  is  120  feet  to  the  center  of 
waste  bank.  Plate  XLVI.  The  second  elevator  is  driven  by 
a  sixteen  horse-power  engine,  which  receives  its  steam  from 
the  main  power  plant. 

That  there  is  also  considerable  waste  from  the  sludge  mills 
is  apparent  from  the  amount  of  flour  blende  covering  and 
bordering  the  sand  banks  of  the  streams  below  suchT  mills. 
The  cause  of  such  loss  is  mainly  due  to  the  speed  of  handling 
large  quantities  of  low  grade  materials,  coupled  with  the 
lack  of  efficient  and  economical  slime  treating  apparatus,  as 
hydraulic  classifiers  and  similar  devices. 

Good  milling  practice,  however,  dictates  that  such  savings 
should  be  efi^ected  in  the  main  concentrating  mills  rather 
than  in  special  mills  designed  for  handling  the  waste  prod- 
ucts of  the  former,  and  the  construction  of  the  latest  mills 
shows  a  tendency  to  follow  along  such  lines. 
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PUMPING. 

The  Cornish  pump  is  still  largely  used,  although  the  method 
of  driving  is  changing  somewhat.  The  so-called  ''cross- 
head"  pumps  are  Cornish  pumps  driven  by  means  of  a  cross- 
head  attached  to  the  upper  end  of  the  pump  rod,  which  is 
guided  by  and  works  on  two  rods  or  bars.  To  either  one  or 
both  sides  of  the  cross-head  are  connected  rods  which  are 
driven  directly  from  the  drive  engine,  or  the  end  of  a  w^alking 
beam — the  former  method  is  probably  more  common. 

Vertical,  cylinder  or  bull  pumps  are  also  being  largely  used, 
as  are  other  forms  of  steam  pumps,  especially  of  the  duplex 
type. 

Where  fissured  ground  extends  to  the  surface  care  must  be 
taken  to  prevent  the  water  pumped  to  the  surface  from  re- 
turning to  the  underground  workings.  Flumes  have  been 
largely  used  in  times  past,  also  at  the  present  time ;  but 
endless-chain  bucket  pumps  are  often  employed  in  filling 
tank  cars  at  pumping  stations,  in  which  the  water  is  hauled 
and  discharged  at  such  a  distance  at  least  that  there  is  no 
danger  of  its  returning  to  the  mine  from  which  it  came. 
Plate  XLIV. 

COST   OF   OPERATIONS. 

Considerable  data  have  been  collected  since  the  calculations 
were  first  made  for  the  report,  and  although  they  do  not 
agree  in  every  respect  with  the  former  results,  yet  they  give 
a  fairly  good  idea  of  present  practice.  The  results  are  given 
in  cost  per  ton  : 

Cost  of  drilling,  hand  work $0.06800000 

Cost  of  drilling,  machine  work 0.05600000 

Cost  of  drill  steel 0.00878000 

Cost  of  powder,  caps,  and  fuse 0.04050000                    j 

Cost  of  oil  for  lamps 0.00080000 

Cost  of  timbering,  soft  ground 0.00045600                     ' 

Cost  of  pumping,  mine  pumps 0 .  00005300 

Cost  of  track 0.00009000 

Cost  of  shoveling 0.03900000 

Cost  of  labor,  under  ground 0.19890000 

Cost  of  hoisting 0.02860000 

Cost  of  tramming 0.02600000 

Cost  of  crushing,  by  crusher 0.03000000 

Cost  of  crushing,  by  rolls 0.03400000 

Cost  of  operating  elevator 0.01600000 
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Cost  of  operating  trommel 0.00300000 

Cost  of  jigging,  rougher 0.01000000 

Cost  of  jigging,  cleaner 0.00980000 

Cost  of  shaking  screen 0.00150000 

Cost  of  Wilfley  table 0.00890000 

Cost  of  centrifugal  mill  pump 0.00000128 

Cost  of  fuel,  coal * 0.09800000 

Cost  of  main  drive  engine 0. 00550000 

Cost  of  air  compressor 0.00150000 

Cost  of  labor  above  ground 0.06870000 

Total  cost  per  ton  of  ore  treated $0.75708028 

The  costs,  as  given  above,  are  the  averages  of  a  large  num- 
ber of  cases,  and  should,  therefore,  be  fairly  accurate  ;  never- 
theless the  sum  total,  75.7  cents,  or,  roughly,  75  cents  per 
ton  treated,  is  rather  high,  yet  we  believe  is  not  much  above 
the  actual  cost  in  many  cases.  The  cost  of  concentration,  as 
given  by  various  authorities,  both  mill  and  professional  men, 
ranges  from  45  cents  to  90  cents — the  former  probably 
being  too  low  and  the  latter  too  high  for  the  average  prac- 
tice. The  cost  of  all  operations  both  above  and  below  ground, 
namely  75  cents,  is  then  probably  not  far  oflf. 

The  relative  cost  of  hand  compared  with  mechanical  jigging, 
for  a  hand  plant  of  a  capacity  about  one-half  that  of  the 
usual  size  mill  employing  mechanical  jigs,  is  f  1.15  and  75 
cents,  respectively,  inclusive  of  mining  and  handling  the 
products. 

HI8T0BI0AL  SKETCH  AND  MINE  DIBE0T0B7. 

Although  both  lead  and  zinc  have  been  known  to  exist  in 
the  Galena  district  since  1876,  and  in  paying  quantities  to 
mine,  yet  little  was  done  along  the  line  of  concentrating  the 
ore  until  several  years  later.  In  1878  a  small  plant  of  from 
twenty-five  to  thirty  tons'  capacity  per  ten  hours  was  erected 
in  the  Galena-Empire  district  by  the  West  Joplin  Lead  and 
Zinc  Company  and  Solon  L.  Cheney.  This  plant  was  later 
owned  and  operated  by  Jas.  Murphy  until  it  burned  down 
a  number  of  years  afterwards. 

A  thorough  canvass  of  all  the  mills  in  the  Galena  district 
was  made  in  August  of  1898,  at  which  time  there  were  found 
to  be  fifty-six  mills,  most  of  which  were  in  operation.  A  few 
were  shut  down  for  repairs  and  others  to  have  prospecting 
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and  developing  work  done,  while  only  a  very  few  had  been 
permanently  closed. 

During  the  following  year,  in  the  months  of  June,  July,  and 
August,  another  canvass  was  made,  with  the  result  that  forty- 
three  new  mills  were  found  in  operation.  This  surprising  in- 
crease of  nearly  eighty  per  cent,  took  place  in  less  than  six 
months'  time.  A  few  of  the  forty-three  new  mills  were  old 
ones  moved  to  new  locations,  but  there  could  have  been 
scarcely  over  three  such.  Most  of  the  mills  were  new  from 
foundation  to  roof  and  with  an  aggregated  value  of  fully  one 
million  dollars. 

The  phenomenal  high  price  of  ore  in  1898  and  1899  was 
responsible  for  many  mills  being  erected  on  mining  lots  which 
were  not  valuable  enough  to  warrant  the  expenditure.  The 
result  is,  quite  a  number  of  mills  are  standing  idle  and  will 
be  sold,  or  at  any  rate  moved  to  locations  where  the  ore  is 
more  plentiful. 

In  the  pages  following  is  given  a  condensed  description  of 
the  mills  which  had  been  and  were  in  operation  up  to  August, 
1899.  The  data  were  obtained,  when  possible,  of  the  re- 
sponsible persons  in  charge  of  the  plants ;  when  such  were 
not  accessible,  the  information  was  obtained  both  from  work- 
men  and  personal  observation.  Much  valuable  information 
respecting  management,  arrangement,  capacity,  etc.,  can  be 
obtained  by  a  perusal  of  the  same. 
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DBSCBlPnON  OF  HILLS. 


Omiiou. 


i.J.UaiikliCo..- 


■.UardoekACo... 
lODE,  M lUar  &  Co  . . 


Crown  Point  UiniaBCompiny, 
HatahiDBOD  Hialng  Compaa; ... 

Oiiirk  UmioBCDmpaur 

North  Empire  Hinfog  and  HIU- 

iDKCompany 

DuiuD  IKnlag  CDTDpani 


Jhi  Harpliy  Crusher  Coinptof , 


UarphrA  VtM 

H   M.  UcKHydaon 

VestACo  

Oeo.   UoCalloRh   UloiDg  Com- 


Dwielil    UiDing     and    Hillliis 

■■  Xlfc, 


CaiiMlidst«d  Uiu 


Sichleiieri  Huff  

SiahiDond  Miulug  Compan; ... 
Ping*  White 

OroDonci  Mining  ComiAuy 


LnoDBrd  Hlnius  Compaur.. . 

J.  R.HolmeaiCo 

BackbHcn  UiniDgCompaDy... 
Topoks  Comiany ..,. 


Galena  Zinc  Compaar 

Eureka  Hluiug  CompsDy. . 
Dlek  Emmona  J^  mUer  C 

Templar  MlDinB  Company  . 

Poatea  A  Laird  <  leeaaea ) . , , 

Baker  Mining  Company... . 

J.W.Hamilton 


On  Mnrphy  land 

N.  W.  <«  of  9.  W.  \.  See.  U,  T.  U,  R. », 
N.  S.  -4  of  S.  W.  a.  Beo. U.T. B4,  R. 2E. 
Empire  City.  Wludior  UiUinK  Com- 
pany's RToand.  Mnrphy  land 

BIoomiuffloQ  land 

Kmpiro  City.  Windsor  land 

S.W.  >a.  N.  E.  >«.  Sec.  U,  T.  S4,  B.  2S.. 


HcCanQ  eroand. , . 


tfcCana  gt 
BatUeflerd 


Lots!.  ;i,  7.8.  Ladie 


I'teaMotMaBtta' 


Connor  ±  PLelpi  gi 

Kirby  grODDd 

Cripple  Creek    Hlnini 


Riddii 

Holmes  lease..,     . 
Stanley  Kroaud,  N.  E.  K  of  B.  W.  U  of 
See,  SI,  T.  M,  R.a.. 

Lota  t,  G.  6,  7,  Stanley  leaie..'!! 

Bloom inetoo  land — 


Zine i: 
Foe  Bak..  ,.  _ 

Zine  Compaut'a  land  ., 
[llinoia   '  —'   —■•  "-  — 

laud 


I   Liead  and  Zino  Cdd 
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DESCRIPTION  OF  MILLS -Continued. 
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M 
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Operators. 


LoeatioD. 


When 
visited. 


68 
54 

65 
56 

57 

68 
59 

60 
61 
62 
68 
6ft 

65 

66 

67 
68 
60 
70 
71 

72 
73 
74 
75 

76 

77 
78 
79 

80 
81 
82 
83 
84 

85 

86 
87 
88 
89 
90 

91 


98 
94 

95 
96 

97 

98 
99 


W.  W.  P.  Clement 

Star  Zinc  Mining  Company. 


Independence  Mining  Company, 
Konansa  Lead  Mining  Company, 
The  Ualena-Empire  Lead  Smelt- 
ing Company 

Trenton  Zinc  Mining  Company . . 
J.  J.  Luck  &  Co.,  Monaoa  mill 

Oliphant  Mining  Company..  .. 

1  ipttm  Mining  Company 

Warren  Bros.  

Eureka  Mining  Company..  . 

Merriman  Lead  and  Zinc  Com- 
pany.... 

Misotmri-Kansas  Lead  and  Zinc 
('ompany.  —  

Ada  Mining  and  Milling  Com- 
pany  

Nancy  Lee..  

Stongh  &  Page 

Helca  Mining  Company 

Bated  Cotter  No.  1.        

Frankie  Norton  Mining  Com- 
pany.. ....        .... 

Dearborn  Mining  Company .... 

Hotfoot  Mining  Company 

New  York  Zinc  Company 

Isabella  Lead  and  Zinc  Com- 


pnny 

Summers  Mining  Company.. . . . 

Newsom,  Teeter  &  Co 

Frazier  Mining  Comepany 
Chase  Milling  and  Mining  Com- 

Rubins  &  Co 

Crowe  &  Ping 

Wilfley  &  Betty 

Bisby  Mining  Company 

Katharine  Mining  and  Milling 
Company.    

New  England  Zinc  Company — 

Mrs.  J.  H  Cotton  &  Co 

Piasa  Lead  and  Zinc  Company.. 

Oaynell  Mining  Company 

Chas.  F.  Haney  &  Co 

The  Westchester  Mining  {Com- 
pany  

Jenney  Mining  Company 

The  Badger  Mining  and  Milling 
Company. 

The  Monitor  Mining  Company . . 

Clary  Sc  SchnltB  Bilning  Com- 
pany    

Manhartft  Clifford 

Boott  Mining  and  Smelting 
Company 

Ethel  A.  Mining  and  Operating 
Company 

Rames  Bros 

The  Kansas  Mining  Company. . 


8.  E.  M,  of  N.  E.  H,  of  Sec.  28.  T.  34,  R.  25, 
Galena  Lead  and  Zinc  Company's 

ground 

N.  W.  H  of  S.  E.  H.  Sec.  32,  T.  84.  R.  25, 


Bender's  land . 


•  •••  •■•• 


>•  «••••■  • 


Sept.    1,1898 


3 
3 
Aug.     1 


t « 


I « 

I « 
« • 
« • 

•  t 
( « 

•  t 
• « 


•  t 

6. 

1899 

t  • 

6, 

1899 

t  • 

8. 

1899 

I  • 

8, 

1999 

•  t 

9, 

1899 

•  ( 

lit 

1899 

« • 

H. 

1899 

•  t 

11, 

lb99 

•  « 

11. 

1899 

(  • 

12, 

1899 

(  t 

12, 

1899 

(  1 

13. 

1899 

( t 

15. 

1899 

« • 

15. 

1899 

1 1 

19. 

itm 

« ( 

19. 

1899 

«  • 

19. 

1899 

1 1 

19, 

1899 

1  1 

20, 

1899 

( • 

20, 

1899 

• « 

20, 

1899 

1  • 

21. 

1899 

1 1 

24. 

1899 

1 1 

25. 

1899 

1  • 

25. 

1899 

1  • 

28. 

1899 

(ep 

t.  2, 

1899 

1 1 

2, 

1899 

1 1 

5, 

1899 

1 « 

5. 

1899 

1  • 

5, 

1899 

1  • 

8, 

1899 

1 1 

8 

1899 

•  t 

HI. 

}H9f* 

1898 
1898 
1899 

1899 
1899 

1899 
1899 
1900 
1899 
1899 

1899 

1899 
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DB3CBIPriOS  OP  M[LL9-CoirTiiruBD. 
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a 
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1 

2 
8 
4 
5 
6 
7 
8 
9 
10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
35 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
54 
55 
56 
57 
58 
50 
60 
61 
62 
68 
64 
65 
66 
67 
68 
69 
70 
71 


Jan.  1, 1898 
Oct.  1. 1896 
May  1, 1898 
July   20,1898 

1888 

Jaly,  1898 
Sept.,  1896 
Jan.  10. 1897 
Apr.  11, 1898 
Jane  1,  1895 
Spring,    )896 


Oct., 
Jan., 

May. 

Deo. 

Jan. 

Mar. 

Jane 

Jane 
Feb. 
June 
Ang. 
Nov. 
Mar. 

May, 
Ang. 
May 
Aug. 

May 
Jan. 
July, 

July" 

Jan. 

July 

Aug. 

Feb. 


1895 

1897 

1891 

1886 

28,1895 

17.1887 

15,1808 

1,1898 

1888 

10.1898 

18.1895 

20.1886 

18,1897 

25.1897 

18,1896 

1892 

1895 

8.1898 

16,1898 

25,1898 

1893 

8,  1897 

25,1896 

1898 

1867 

2,  1896 

1,1898 

1.1895 

10,1898 

15,1898 


June 

Mar., 

Apr. 

July 

July 

Mar., 

June, 

Jan. 

July, 

Sept. 

Sept. 


15.1897 

1892 

80.1898 

1896 

28.1898 

18,1898 

1894 

1897 

1.  1898 

1891 

5,1898 

12,1888 


Aug. 

May, 

June, 

May 

Apr. 

Mar. 

May 

Oct., 

Jan. 

June. 

Jan. 

June 

Apr. 

June 


1896 

21,1899 

1899 

1899 

1,  1899 

1,1899 

1.1899 

10,1899 

1896 

26.1899 

1899 

1,1889 

1,1899 

1,1899 

15,1899 


er 
p 


Mar., 
June, 
Mar., 


Feb., 
July, 


1898 
1898 
1887 

1888 

1888 


Aug., 
July, 


1896 

1888 
1898 


Kind  of  mill. 


Mine  mill. 


Cnstom  mill 
Mine  mill.  .. 


Custom  mill 
Mine  mill.     . 
Custom  mill. 
Mine  mill.     . 
Custom  mill 


• « 
I « 


Mine  mill. 


• « 


Castom  mill 
Mine  mill.     . 
<'u8tom  mill. 
Mine  mill.  .. 


Custom  mill. 
Mine  mill 


« I 

« « 
« « 


Castom  mill. 
Mine  mill.  .. 


« « 


Mine  mill. 


« t 


Custom  mill. 
Mine  mill.  .. 


• « 


Castom  mill 
Mine  mill . . . . 

Custom  mill. 
Mine  mill 


•  t 


Cnstom  mill 

Mine  mill.  .. 
• « 


t  i 

« • 

« t 
•  I 
« I 
« t 
• « 


z 

Bg? 


2 
1 


None 
8 
1 
2 
2 
5 
8 

None 
1 

None 

1 

None 

.  • 

8 
5 

None 
8 

None 
8 
2 
5 
2 
2 
2 
8 
1 
8 
8 


2 
1 
1 
2 
12 


2 
None 


1 
1 
1 
8 
8 
8 
2 
1 
1 
None 
1 
2 
1 
1 
2 
2 
8 
2 
1 
2 
1 
1 
1 
2 


"eg. 

'    D 


140 
1,100 
175 
2U0 
290 
400 
160 
450 
400 
800 

aoo 

875 
875 
900 
800 
900 
200 
800 
825 
180 
400 


400 
200 
150 
900 
400 
200 
400 
850 


200 


400 
240 
200 
.  •  ■  • « 
400 
800 
400 


400 
500 
225 
190 
120 
400 
200 
800 


800 
400 
800 


900 

400 
860 
860 
400 
450 
500 
400 
400 
425 
260 
400 
450 
800 
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'£.";S 

Oot.,       '    8B8 
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Jnne    1, 18H 
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88 
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80 
26 
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9 
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9 
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47 
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51 

52 
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56 
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57 
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68 

50 

60 
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Yes. 
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Yes. 

No. 
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K 
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61 
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25 
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16 
80 
18 
12 

62 
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20  00 

68 

64 

Very  little. 
$10  00 
86  00 

66 

66 

67 
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10  00 

68 

69 

70 
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71 

17 

1  ••••  •••••• 
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INTBODUOTION. 

The  lead  and  zinc  district  of  southeastern  Kansas  and 
southwestern  Missouri  constitutes  a  distinct  mineralogical 
province,  so  that  any  discussion  of  its  minerals  should  include 
the  district  as  a  whole.  It  is  for  this  reason  that  in  this  work, 
a  Kansas  report,  the  state  line  is  disregarded. 

The  minerals  of  the  region  have  as  yet  received  no  adequate 
description.  Only  two  minerals  have  been  given  much  sci- 
entific attention,  calcite  and  leadhillite,  for  both  of  which 
minerals  the  district  is  justly  famous.  These,  together  with 
incomplete  lists  of  the  minerals  and  some  isolated  analyses, 
constitute  the  literature.  The  present  work  deals  principally 
with  crystallography,  for  that  has  been  most  neglected. 

The  drawings  were  made  by  the  writer,  some  of  them  be- 
ing copied  from  other  works.  Some  of  the  drawings,  par- 
ticularly those  of  calcite,  are  in  whole  or  in  part  free-hand 
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sketches  drawn  as  nearly  according  to  the  conventional  posi- 
tions of  the  clinographic  projections  as  possible. 

The  chemical  analyses  were  made  by  Mr.  Edgar  B.  Hayes, 
Mr.  M.  K.  Shaler,  and  Mr.  E.  V.  McCollum,  with  the  ex- 
ception of  two  by  the  author. 

On  account  of  their  completeness,  especially  in  the  case  of 
calcite,  Goldschmidt's  letters,  as  given  in  his  ''Index  der 
Krystallformen  der  Mineralien"  are  used  for  the  forms,  the 
Miller  and  Naumann  symbols  of  which  are  given. 


DESCRIPTION  OF  MINERALS. 

Minerals  of  the  district  arranged  according  to  Dana's  ''  Sys- 
tem of  Mineralogy  "  (6th  edition) .  An  asterisk  (*)  indicates 
that  the  mineral  is  new  to  the  district. 


Native  Elements: 

Silicates: 

*  Sulphur. 

Calamine. 

SULPfflDES: 

*  Muscovite. 

Galena. 

*  Kaolinite. 

Sphalerite. 

*  Allophane. 

•  CJovellite. 

*  Chrysocolla. 

Greenockite. 

Phosphates: 

Wurtzite. 

Pyromorphite. 

Chalcopyrite. 

Sulphates: 

Pyrite. 

Barite. 

Marcasite. 

Anglesite. 

Oxides: 

Leadhillite. 

Quartz. 

*  Caledonite. 

*  Cuprite. 

*  Linarite. 

*  Hematite. 

*  Gypsimi. 

*  Pyrolusite. 

Goslarite. 

Limonite. 

Melanterite. 

Carbonates: 

*  Chalcanthite. 

Calcite. 

*  Copiapite. 

Dolomite. 

Hydrocarbon  Compounds: 

Smithsonite. 

Asphaltum. 

CeruRsite. 

Malachite. 

, 

Azurite. 

Aurichalcite. 

Hydrozincite. 

In  addition  to  these,  the  following  minerals  have  been  re- 
ported from  the  district  but  have  not  been  found  by  the 
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writer:   Aragonite  (4)*,  mimetite  (16),  vivianite  (16),  alu- 
minite  (16),  wavellite  (16),  and  picropharmacolite  (8). 

Minerals  of  the  district  arranged  according  to  the  metal 
present. 


Zinc  Minerals: 
Sphalerite. 
Wurtzite. 
Smithsonite. 
Aurichalcite. 
Hydrozincite. 
Calamine. 
Goslarite. 

Lead  Minerals: 
Galena. 
Cerussite. 
Anglesite. 
Leadhillite. 
Caledonite. 
Linarite. 
Pyromorphite. 

Copper  Minerals: 
Covellite. 
Chalcopyrite. 
Cuprite. 
Malachite. 
Azurite. 
Aurichalcite. 
Chrysocolla. 
Caledonite. 
Linarite. 
Chalcanthite. 


Iron  Minerals: 
Chalcopyrite. 
Pyrite. 
Marcasite. 
Hematite. 
Limonite. 
Melanterite. 
Copiapite. 

Calcium  Minerals: 
Calcite. 
Dolomite. 
Gypsum. 

Magnesium  Minerals: 
Dolomite. 

Barium  Minerals: 
Barite. 

Manganese  Minerals: 
Pyrolusite. 

Aluminium  Minerals: 
Muscovite. 
Kaolinite. 
Allophane. 

Cadmium  Minerals: 
Greeneckite. 


Sulphur. 


Composition,  S;  hardness,  1-5 -2- 5;  gpravity,  2- 05 -2*  09;  color,  sulphur-yel- 
low, straw-  and  honey-yellow,  yellowish  brown,  gpreenish,  reddish  to  yellowish 
gray;  crystallization,  orthorhombic  system;  cleavage,  imperfect. 

This  mineral,  new  for  the  district,  was  found  as  minute 
crystals  on  cleavage  surfaces  of  galena.  Similar  occurrences 
are  known  from  the  Wheatley  mines,  Phoenixville,  Pa.  Ga- 
lena, PbS,  in  decomposing  ordinarily  gives  rise  to  cerussite, 
PbCO,,  passing,  perhaps,  through  the  intermediate  sulphate 
stage,  PbS04,  the  sulphur  being  oxidized.  The  sulphur  in 
this  case,  evidently  secondary  in  origin,  was  set  free  remain- 

*  The  number  in  parentheses  refers  to  the  number  of  publication  ffiven  in  the  bibliography. 
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ing  as  the  native  element.  The  localities  for  this  mineral 
are  the  Bonanza  grounds,  northwest  of  Galena,  and  Crowe  & 
Ping's  crusher,  on  the  South  Side  grounds,  Galena. 

Sulphur  was  also  observed  in  cavities  in  sphalerite  in  small 
quantities.  The  sphalerite  often  occurs  as  crystals  in  sec- 
ondary chert,  or  cherokite,  as  it  has  been  called  by  Jenney. 
The  crystals  show  various  stages  of  decomposition,  from  the 
unaltered  mineral  to  the  highly  corroded  fragmentary  rem- 
nant remaining  in  the  cavity.  In  some  cases  the  cavity 
alone  remains  and  occasionally  is  occupied  by  crystals  of  an- 
glesite. 

Galena;  *'Lead,"  ''Mineral." 

Composition,  lead  sulphide,  PbS;  lead  =  86-6%;  sulphur  =  13-3%;  hard- 
ness, 2- 5 -2- 75;  gravity,  7«43;  color,  lead  gray;  crystallization,  regular  sys- 
tem; cleavage,  highly  perfect,  parallel  to  cube  faces. 

Observed  forms  :   c  j  100 }  »  0  <»  ;  pi  { 11 1 }  0. 

The  mineral  galena  occurs  crystallized  in  cubes,  often  with 
the  faces  of  the  octahedron  acuminating  its  solid  angles,  as 
in  figure  1.  Rarely  the  octahedron  face  is  the  dominant 
form,  and  sometimes  it  alone  is  present.  Some  crystals  from 
the  J.  J.  Luck  mine  No.  1,  occurring  in  a  clayey  matrix,  are 
flattened  parallel  to  one  of  the  octahedral  faces,  and  are  con- 
sequently pseudo-rhombohedral  in  appearance. 

Evidences  of  twinning  are  apparent  in  many  of  the  crys- 
tals and  cleavage  pieces,  though  only  in  a  comparatively  few 
cases  can  definite  twins  be  observed.  Such  cleavage  faces 
present  a  number  of  parallel  bands,  alternate  ones  of  which 
reflect  light  simultaneously.  These  are  twinning  lamellae, 
and  resemble  those  so  common  in  the  triclinic  feldspars.  On 
one  of  the  cube  faces  the  bands  are  parallel  to  the  diagonal  of 
the  cube.  Tracing  them  over  to  the  other  faces  of  the  cleav- 
age cube  they  are  seen  to  be  approximately  parallel  to  the 
cleavage  line.  Thus  the  twinning  plane  is  a  trigonal  tris- 
DCtahedron.  To  determine  the  symbol  of  this  form  which 
derves  as  twinning  plane  the  angle  which  the  traces  of  the 
bands  make  on  the  cube  faces  was  measured.  Results  of 
these  measurements  are  given  here,  the  letters  referring  to 
figure  2  :  a  Ab— 5°  25' ;  b  ac— 3°  30' ;  c  Ad— 4^  30^     Several 
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different  trisoctahedra  evidently  serve  as  twinning  planes. 
From  the  first  angle  observed,  a  Ab,  it  has  been  calculated  that 
the  interfacial  angle  between  the  octahedron  and  the  trisocta- 
hedron  serving  as  the  twinning  plane  is  31"  28'.  The  theoret- 
ical for  the  form  { ILll-l }  11  is  31"  36i^  A  slight  difference 
in  the  angle  makes  a  great  difference  in  the  symbol,  so  that 
the  symbol  given  may  not  be  the  correct  one.  Sometimes  the 
bands  are  apparently  parallel  to  the  cleavage  lines.  If  such 
is  really  the  case  the  twinning  plane  is  the  rhombic  dodeca- 
hedron. But  the  latter  being  a  plane  of  digonal  symmetry 
is  not  a  possible  plane  of  symmetry  in  holohedral  crystals. 
It  is  then  very  probable  that  in  this  case  a  trigonal  trisocta- 
hedron  is  the  twinning  plane.  Occasionally  the  bands  in  the 
two  different  directions  indicated  are  both  present  on  the 
same  cleavage  surface,  and  these  are  often  very  much  con- 
fused, so  that  the  surface  is  broken  up  into  a  multitude  of 
minute  planes,  which  apparently  bear  no  relation  to  each 
other.  On  other  crystals  or  parts  of  crystals  the  laminae  are 
undulating,  the  slight  dihedral  angles  not  being  sharp  or 
well  defined.  Most  of  the  twinned  crystals  show  no  effects 
of  pressure  or  of  distortion  of  any  kind. 

Lamellar  twinning  in  galena  is  reported  by  Cross ^  from 
the  ''Minnie  Moore"  mine,  Bellevue,  Idaho,  and  by  Hobbs,* 
from  Mineral  Point,  Highland,  Yellowstone,  and  Platteville, 
Wis. 

Besides  the  two  common  forms  named  above,  the  cube  and 
octahedron,  another  was  observed  on  a  single  crystal.  This, 
an  apparent  cubic  face,  on  closer  examination  proved  to  be  a 
vicinal  tetragonal  trisoctahedron.  What  apparently  is  a 
cubic  face  in  reality  is  broken  up  into  several  different  faces 
with  very  slight  reentrant  and  salient  angles,  their  edges  be- 
ing parallel  to  the  cleavage  lines,  or  intersection  edges  of  the 
cubic  faces.  This  may  be  due  to  twinning,  as  twinning 
laminsB  are  seen  on  the  broken  surface  of  the  crystal.  But  here 
etch-figures  give  valuable  aid.  (What  I  take  for  etch-figures 
may  be  contemporary  with  the  formation  of  the  crystal,  and 
hence  rather  to  be  classed  as  parallel  growths  or  growth 

L  CxxMS :  Proc  CoL  Sci.  Soc.,  voL  2,  pp.  171-174.  1887. 

2.  Hobbs:  Zeit  f.  Kryst  a.  Min.,  voL  65.  pp.  23-266,  1896.    Td..  Bull.  Univ.  WiaooiMiii, 
Sci«noe  Series.  voL  1,  pp.  126-128. 1896. 


452  University  Geological  Survey  of  Kansas. 

figures.  Whatever  their  nature,  they  serve  our  purpose.) 
These  consist  of  etch-pits,'  isosceles  triangles  with  the  two 
sides  which  meet  at  right  angles  parallel  to  the  cubic  edges, 
as  figure  3  shows.  The  position  of  the  etch-pits  is  different 
on  the  different  faces  under  consideration.  The  right  angle 
in  each  case  points  toward  the  solid  angle  of  the  crystal  on 
the  face  adjacent  to  that  angle.  Now,  if  twinning  were  re- 
sponsible for  this  structure  these  difi'erent  areas  would  all  be 
faces  of  a  cube,  and  accordingly  the  etch-figures  would  all  be 
alike,  and  would  moreover  possess  a  higher  grade  of  sym- 
metry. It  is  then  evident  that  the  faces  are  those  of  a  vici- 
nal trigonal  trisoctahedron. 

Some  peculiar  crystals  of  galena  were  found  at  the  Gracie 
Clark  mines,  northwest  of  Galena.  The  faces  of  the  cube  are 
hollowed  out  similar  to  those  of  the  hopper-shaped  crystals 
of  halite  or  rock  salt.  The  planes  bounding  the  hopper- 
shaped  depressions  are  apparently  those  of  the  octahedron 
or  a  tetragonal  trisoctahedron.  They  are  really  oscillatory 
combinations  of  the  cube  with  one  of  the  above-mentioned 
forms.  The  cavities  present  an  appearance  of  having  been 
formed  by  solution,  although  this  is  not  at  all  certain.  It  is  a 
well-known  fact  that  certain  crystalline  planes  are  produced 
by  the  action  of  solvents,  and  it  seems  probable  that  to  such 
a  category  the  formation  of  these  planes,  or  pseudo-planes, 
should  be  assigned.  Still,  they  may  be  a  variety  of  skeleton 
crystals,  or  cystals  only  partially  formed,  like  the  hopper- 
shaped  salt  crystals. 

Peculiar  reticulate  forms  consisting  of  octahedral  crystals, 
with  a  number  of  individual  plates  parallel  to  the  face  of  the 
octahedron  superimposed  upon  one  another,  with  intervening 
spaces,  are  found  associated  with  wurtzite,  which  is  described 
later  on. 

A  fine-grained  galena  very  closely  resembling  the  *'bleisch- 
weif  from  Clausthal  is  found  at  Gran  by.  This  so-called 
short-grained  variety  is  commonly  thought  to  indicate  silver, 
but,  as  far  as  known,  no  galena  from  the  district  contains 
more  than  a  trace  of  silver. 

3.  For  a!recent  discussionrof |the  nomenclature  of  etch-fiffure,  see  R.  A.  Daly :  A  Comxwra- 
tive  Study  of  Etch-Fiflrum ;  the  iAmphibolee  and  Pyroxenee,  Proc.  Amer.  Acad,  of  Aitm  and 
Sciences,  voL  xxxrv.  p.  176,  et  aeq. 


RoGBBS.]         Minerals  of  the  OalenorJoplin  District.  458 

Growth  figures  are  seen  on  the  face  of  the  cube,  consisting 
of  depressions  square  in  outline,  the  sides  of  the  square  being 
parallel  to  the  diagonals  of  the  cube  face,  as  in  figure  4.  The 
figure  faces  are  parallel  to  the  faces  of  the  octahedron,  and 
sometimes  a  bottom  face  is  present.  Occasionally  the  growth 
figures  assume  the  form  of  projection,  the  figure  faces  being 
the  same  in  both  cases. 

Internal  cavities  were  often  observed,  as  shown  in  figure  5. 
These  negative  crystals  are  quite  small  and  are  bounded  by 
the  faces  of  the  cube  and  the  octahedron,  though  their  inter- 
facial  angles  are  usually  much  rounded. 

Composition. — The  galena  of  the  district  is  remarkably 
free  from  arsenic  and  antimony,  the  injurious  elements  so 
common  in  this  mineral.  Silver  is  usually  present,  though 
in  very  small  amounts.  Three  samples  from  Joplin  gave 
from  0.75  to  1.25  ounces  to  the  ton. 

Here  galena  is  one  of  the  first  minerals  formed.  Only  the 
original  chert,  limestone,  and,  sometimes,  dolomite,  are  of 
previous  origin.  The  octahedral  crystals  of  galena  seem  to 
be  of  later  origin  than  the  cubical  ones.  The  former  are  often 
found  on  the  latter  in  parallel  position,  and  on  other  minerals 
formed  subsequent  to  the  cubic  galena.  In  some  cases,  how- 
ever, it  is  of  very  recent  origin.  Old  shovels  and  tools  of 
various  kinds  are  found  in  abandoned  shafts  or  mines  with 
small  crystals  of  galena  adhering  to  them. 

Galena  is  sometimes  altered  to  cerussite,  anglesite,  pyro- 
morphite,  leadhillite,  and  sulphur.  Pseudomorphs  of  cerus- 
site, pyromorphite,  and  leadhillite,  after  galena,  are  known, 
the  latter  only  from  Granby. 

Sphalerite,  or  Zinc  Blende;  "Jack";  "Black  Jack." 

"Jack,"  variously  designated  as  "black  jack,"  "resin  jack,"  "steel 
jack,"  etc. 

Ck>mpo8ition,  zinc  sulphide,  ZnS;  zinc  =  67  %,  sulphur  =  33  %;  hardness, 
3»5-4;  gravity,  3'9-4-l;  color,  commonly  yellow,  brown,  black;  also  red, 
green  to  white,  and,  when  pure,  nearly  colorless;  crystallization,  regular 
system;  cleavage,  dodecahedral,  highly  perfect 

Observed  forms :  cjlOOjooOoo;  pJllljOi;  d{110}®0; 
V { 12.M  }  12012  ;  mi  j  311 } — 303  ;  Ml  { 833 }  — |0f ;  p }  111 }  0 ; 
1{ 511} 505;  ki{  17.6.6 }—VOY;  ni{322}— JOJ. 
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Sphalerite,  the  most  important  mineral  of  the  district  from 
an  economic  standpoint,  is  one  of  the  most  interesting  from  a 
mineralogical  standpoint.  Literature  on  its  crystallography 
from  this  region  amounts  to  practically  nothing. 

The  different  forms  will  be  described  in  detail : 

c  { 100 1 00  0  GO .  The  cube  usually  appears  as  rectangular 
faces  truncating  the  interfacial  angles  of  the  negative  tetra- 
hedron. On  these  faces  are  found  slightly  raised  figures, 
oblong  in  shape,  with  rounded  margins,  the  longer  axis  of 
the  figure  being  parallel  to  the  intersection  edge  of  the  cube 
with  the  negative  tetrahedron.  The  cube  faces  usually  show 
indistinct  striations  parallel  to  the  above-mentioned  intersec- 
tion edge. 

Pi  { 111 }  O.  The  positive  tetrahedron  occurs  as  a  small  tri- 
angular or  hexagonal  face  acuminating  the  solid  angle  of  the 
negative  tetrahedron  or  the  rhombic  dodecahedron.  When 
unaffected  by  etching,  the  faces  of  this  form  exhibit  smooth, 
lustrous  surfaces.  The  process  of  etching  gives  rise  to  tri- 
angular etch-pits,  and  if  this  action  proceeds  far  enough  the 
smooth  surface  disappears,  being  replaced  by  very  rough  etch- 
hills.  Figure  6  probably  represents  the  etch-figures  in  their 
incipiency .  These  may  be  described  as  three  sets  of  very  fine 
lines  intersecting  each  other  at  angles  of  120^,  the  lines  ad- 
jacent the  intersection  of  the  tetrahedron  with  the  cube  being 
perpendicular  to  this  intersection  edge. 

p,{lll}Oi.  The  negative  tetrahedron  is  very  often  the 
predominant  form.  Rarely  smooth,  it  exhibits  elevations  of 
two  kinds,  the  one  irregular  triangular  elevations  with  two 
concave  sides,  the  apex  of  the  triangles  pointing  toward  the 
intersection  edge  of  the  positive  tetrahedron  and  the  negative 
tetrahedron ;  the  other  vacinal  elevations  modifying  the  in- 
tersection of  the  cube  and  the  negative  tetrahedron. 

d{110|ooO.  The  rhombic  dodecahedron  is  usually  not 
present,  but  on  one  type  it  is  the  predominant  form.  As  a 
rule,  its  faces  are  smooth,  but  occasionally  it  exhibits  etch- 
figures.  On  one  large  twinned  crystal  these  are  developed  to 
a  remarkable  degree.  The  etch-figures  consist  of  etch-hills, 
which  in  plan  appear  as  monosymmetric  four-sided  figures, 
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figure  7  with  the  axis  of  symmetry  bd  parallel  to  the  shorter 
diagonal  of  the  faces  dodecahedron.  Approximate  measure- 
ments of  the  angles  abc  and  adc  gave  80^  and  110^,. respect- 
ively. The  solid  angle  at  b  is  elevated  above  the  general 
surface  of  the  crystal,  while  the  points  a,  c  and  d  are  on  this 
surface.  In  elevation,  therefore,  the  etch-hills  appear  as  in 
figure  8.  The  edges  ab  and  be  and  the  solid  angle  at  b  are 
modified  by  minute  faces  which  are  not  represented  in  the 
drawing.  The  figure-faces  abd  and  bed  are  highly  polished. 
The  etch-figures  resenible  those  described  by  Becke,*  except 
that  the  lines  corresponding  to  ab  and  be  in  figure  4  are 
parallel  to  the  edges  of  the  dodecahedron,  while  the  lines  in 
our  figure  are  inclined  about  20^  thereto.  And,  further,  the 
acute  angles  of  the  etch-figures  of  Becke's  crystals  point  to- 
ward the  negative  octant,  while  in  ours  they  point  towards 
the  positive  octant,  or  what  we  take  for  the  positive  octant, 
on  account  of  the  character  of  the  surface  of  the  tetrahedron 
appearing  in  the  octant. 

v{  12-1-1}  12012.  This  form  is  common  on  type  3,  where 
it  appears  as  a  small,  narrow  face  in  the  zone  of  the  cube  and 
the  positive  tetrahedron.  The  angle  vac  was  measured  un- 
der the  cross-hairs  of  a  microscope,  with  the  following  results  : 

vaC  12«1.1.a100,  17  measurements,  average,  6°  56',  calcu- 
lated 6°  43i^ 

1 1 511}  505.  This  form  was  observed  on  but  a  single  crys- 
tal in  the  same  zone  as  the  last  above-mentioned  form.  The 
faces  are  smooth  and  exhibit  nothing  specially  worthy  of 
mention.  The  contact  goniometer  was  used  for  the  identifi- 
cation of  the  form,  with  these  results : 

Iac  511a100,  6  measurements,  average  16°  00',  calculated 
15°  47+'. 

mi  {311} — 303.  This  form,  so  common  for  sphalerite  in 
most  localities,  is  a  very  frequent  one  in  the  sphalerite  crys- 
tals of  the  district,  being  the  dominant  form  on  type  3,  which 
is  of  frequent  occurrence. 

ki{17.6.6}  — yOV-     This  form,  new  for  sphalerite,  was 

i.  Becke:  Tmshemutk'a  UiTh  u,  Petr^  Mi^tb.*  voL  v.  p.  467. 1883. 
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observed  on  but  a  single  crystal.     Measurements  with  the 
contact  goniometer  are  as  follows  : 

kiAki  17-6-6  a17-6-6,  5  measurements,  average  63°  19', 
calculated  53°  3^ 

Ml {833} — fO|.  This  form  is  very  common,  as  it  is  uni- 
versally present  on  crystals  of  type  2.  It  is  the  form  that 
the  writer  described'  as  a  new  form  for  sphalerite.  The  posi- 
tive character  of  this  form  was  based  upon  the  direction  in 
in  which  the  etch^hills  described  in  the  list  of  forms  under  the 
rhombic  dodecahedron  pointed  on  a  single  large  crystal.  The 
faces  of  the  tetrahedra  were  absent  on  this  crystal.  Further 
study  of  crystals  on  which  tetrahedra  exist  has  shown  that 
the  form  is  negative,  as  the  faces  of  the  positive  tetrahedron 
(identified  by  its  smooth  surface)  acuminate  the  solid  three- 
faced  angle  of  the  three  prominent  dodecahedral  faces.  The 
form  on  the  large  crystal  with  the  etch-figures  may  be  posi- 
tive, but  this  seems  hardly  probable,  as  in  all  other  par- 
ticulars it  agrees  with  crystals  on  which  the  form  under 
consideration  is  certainly  negative.  The  following  measure- 
ments were  made  with  a  contact  goniometer : 

MiaMi  833  a833,  12  measurements,  average  55°  43',  cal- 
culated 55°  A2V. 

Ui  { 322 }  f  Of .  This  tristetrahedron  was  observed  on  but  a 
single  crystal.  It  is  listed  by  vom  Rath'  as  an  uncertain 
form.  Measurements  with  the  contact  goniometer  are  as 
follows : 

Averaffe.  GBlculated. 

UiAHi  322a232.5  measurements,  19°  32'        19°  45' 
UiAC    322a100,6  *'  42°  35'        43°  18.1*' 

An  undetermined  hextetrahedron  often  modifies  the  inter- 
section edge  Ml  A^  on  crystals  on  type  2. 

On  one  crystal  of  decided  tetrahedrid  aspect  a  hextetrahe- 
dron, the  symbol  of  which  could  not  be  determined,  exists 
together  with  the  faces  of  the  tetrahedron,  the  cube,  a  posi- 
tive and  a  negative  tetragonal  trisoctahedron,  a  positive  tris- 
tetrahedron, and  a  negative  tristetrahedron. 

Combinations. — The  greater  part  of  the  sphalerite  crystals 

5.  Amer.  Jour.  Sci.  (4).  voL  IX,  pp.  184-186, 1900. 

6.  Verh.  d.  NatnrhJBt.  Ver.  d.  preuos.  Rheinhmde,  Bonn,  1879,  86. 
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may  be  divided  into  three  distinct  types,  though  other  com- 
binations occur. 

Type  1.  pi,  0^;  c,  ooQco  ;  p,  0.  This  is  perhaps  the  com- 
monest of  the  types.  The  crystals  are  fairly  large,  black  in 
color,  and  occur  in  cavities.  They  have  a  tetrahedrid  aspect, 
due  to  the  dominance  of  the  negative  tetrahedron  p^  One 
crystal  was  seen  in  which  the  cube  was  the  dominant  form, 
though  the  tetrahedrid  aspect  was  still  noticeable.  The  posi- 
tive tetrahedron  is  always  a  subordinate  form.  Figure  9 
represents  the  average  development  of  crystals  of  this  type. 
Twinning  is  very  common,  in  fact,  almost  universal,  with  this 
type  of  crystals. 

Several  crystals  composed  of  the  correlative  tetrahedra 
were  observed.  The  two  forms  are  almost  equally  developed, 
yet  their  appearance  is  quite  different.  An  octahedral  crystal 
in  the  collection  of  Mr.  Will  Picher,  at  Joplin,  mentioned  by 
Winslow,  is  evidently  of  this  type.  An  octahedron  is  of 
course  impossible  in  sphalerite,  a  mineral  of  the  tetrahedral 
class. 

A  single  large  crystal  with  the  two  forms,  d  and  p,  was 
observed.  The  surface  of  the  positive  tetrahedron  is  smooth 
though  much  pitted,  while  that  of  the  dodecahedron  is  very 
rough  with  vicinal  planes. 

Another  crystal  with  the  forms  n,  c,  and  p,  much  resembles 
crystals  of  this  type. 

Type  2.  M^— fOf ;  d,  coQ;  p,  0.  The  crystals  of  this 
type  are  quite  common  at  the  Tennessee  Prairie  mines,  five 
miles  south  of  Galena,  and  at  the  Gracie  Clark  mines,  north- 
west of  Galena,  where  they  occur  as  isolated  crystals  of  a 
reddish-brown  color  in  a  dark  clayey  siliceous  matrix.  The 
peculiarity  of  these  crystals  is  that  they  are  abnormally  de- 
veloped, being  shortened  in  the  direction  of  one  of  the  octa- 
hedral interaxes.  The  dominant  faces  are  those  of  the 
rhombic  dodecahedron.  In  consequence  of  this  abnormal  de- 
velopment the  crystals  appear  as  combinations  of  a  rhombo- 
hedron  with  a  prism  of  the  second  order.  On  account  of  the 
presence  of  the  Mi  faces  the  crystals  have  a  decided  hemi- 
morphic  aspect  in  the  direction  of  the  above-mentioned  axis. 
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Here 9  then,  we  have  an  isometric  crystal  possessing  apparent 
lower  symmetry,  namely,  that  of  the  rhombohedral-hemi- 
morphic  class.  Figure  11,  an  orthographic  projection  with 
jlll}  as  the  plane  of  projection,  represents  a  crystal  of  this 
habit.  Truncating  half  of  the  dodecahedral  edges  are  the 
faces  of  the  tristetrahedron,  Mi{833} — \0\. 

Twins  are  more  common  than  the  simple  crystals.  The 
twinning  plane  is  the  ordinary  one  for  sphalerite,  p  { 111 }  O. 
As  no  reentrant  angles  are  present  the  twins  may  easily  be 
'  mistaken  for  simple  crystals,  but  they  may  be  recognized  as 
such  by  the  fact  that  the  prominent  dodecahedral  faces  have 
no  other  dodecahedral  faces  parallel  to  them,  and  by  the  fur- 
ther fact  that  in  the  positive  octants  only  two  of  the  Mi  faces 
are  united  at  one  point,  while  in  the  simple  crystals  three 
meet  around  this  point.  The  positive  tetrahedron  p  occurs 
occasionally  as  a  very  subordinate  form ,  though  rarely  it  is 
quite  large.  Some  other  crystals  of  this  type  are  quite  dis- 
torted, often  possessing  apparent  monoclinic  or  even  a  lower 
grade  of  symmetry. 

Type  8.  mi;  303;  c,«Ooo;  v,  12012;  p,  6.  Crystals 
of  this  type  are  small,  reddish  ones  occurring  in  cavities. 
They  may  be  of  secondary  origin,  representing  the  second 
generation  of  sphalerite.  The  dominant  form  is  mi.  The 
cube  and  the  octahedron  are  subordinate  forms  with  smooth 
and  brilliant  surfaces,  while  v,  12012,  occurs  in  the  zone  be- 
tween them.  Twins  are  very  frequent,  indeed,  and  appear 
like  simple  crystals  with  one  of  the  small  mi  faces,  which  are 
grouped  together  in  a  negative  octant,  truncated  by  a  face  of 
the  tetragonal  tristetrahedron,  while  in  reality  it  is  but  a  face 
of  the  cube  in  twinning  position.  Figure  11  represents  one  of 
these  crystals  un twinned. 

A  crystal  on  which  the  dodecahedron  is  the  dominant  form 
with  the  positive  tetrahedron  as  a  subordinate  form  was  ob- 
served. As  shown  in  figure  12,  it  is  very  symmetrical.  It 
resembles  a  holohedral  crystal  more  than  any  other  I  have 
seen,  not  excepting  those  composed  of  the  two  correlative 
tetrahedra.  This  crystal  was  obtained  in  the  ore  bin  at  the 
Owl  mine,  Galena. 
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Botryoidal  sphalerite  of  a  dark  brown  color  constitutes  the 
ore  at  the  Spring  River  Mining  Company's  mine  west  of 
Galena.  The  stalactitic  and  botryoidal  zinc  sulphide  from 
Joplin  may  be  wurtzite,  as  is  shown  in  the  description  of  that 
mineral. 

The  color  of  the  sphalerite  varies  from  a  light  yellow  to 
black,  through  the  various  shades  of  red  and  brown.  A  green 
color  is  occasionally  seen.  Several  of  these  colors  are  often 
observed  in  the  same  crystal  or  cleavage  fragment.  A  soft, 
white  amorphous  zinc  sulphide  occurs  on  the  Moll  tract, 
Galena,  and  near  Joplin.  This  material  has  been  described 
by  Mr.  Robertson.^  The  analysis  by  the  St.  Louis  Sampling 
Works  is  as  follows : 

Insoluble  matter 2.52 

Zn 63.70 

S 30.77 

Ferric  oxide 2.40 

Total 99.39 

Most  of  the  sphalerite  contains  a  small  percentage  of 
iron  which  is  supposed  to  exist  as  the  isomorphous  ferrous 
sulphide. 

An  analysis  of  the  dark  brown  sphalerite  from  the  Spring 
river  mines  was  made  by  Mr.  Edgar  B.  Hayes,  with  the  fol- 
lowing results  ( the  average  of  two  analyses )  : 

SiOj 28 

Fe 1.46 

Zn 64.20 

S 33.13 

Total 99.06 

Covellite. 

Composition,  cupric  sulphide,  CuS;  copper =66*4%,  sulphur =33-6%; 
hardness,  l«5-2;  gravity,  4*590;  color,  indigo  blue  or  darker;  crystallization, 
hexagonal  or  rhombohedral  system;  cleavage,  basal,  perfect. 

Sphalerite  from  the  Big  Coon  mine  on  West  Seventh 
street  in  Galena,  is  often  coated  with  a  bluish-black  substance 
which  penetrates  the  cleavage  surfaces  for  a  considerable  dis- 
tance, or,  perhaps,  as  often  is  entirely  replaced  by  it  in  the 
form  of  a  soft  material  of  submetallic  luster  of  the  same  color. 
This  mineral  has  been  identified  as  covellite.     We,  therefore, 

7.  T.  D.  Robertioii:  On  a  N«w  Variety  of  Zine  Sulphide.  Amer.  Joor.  SeL,  voL  40  (Ik  pp. 
100.161.18W. 
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have  covellite  pseudomorphous  after  sphalerite.  It  seems 
probable  that  a  metathetic  reaction  has  taken  place  between 
the  zinc  sulphide  and  copper  sulphate,  thus :  ZnS+CuS04= 
CuS+ZnS04.  Such  a  reaction  does  take  place  when  sphalerite 
is  heated  in  a  closed  tube  containing  a  solution  of  copper  sul- 
phate to  a  temperature  of  200^  C . ,  as  experiments  by  the  author 
show.  Given  sufficient  time  and  favorable  conditions,  may 
not  this  reaction  have  taken  place  without  the  high  tempera- 
ture? Associated  with  the  covellite  and  exterior  to  it  is 
malachite,  which  is  probably  a  further  product  of  the  decom- 
position of  the  covellite. 

Galena  from  Cooper  hollow.  Galena,  is  often  partially  re- 
placed by  cerussite,  the  unaltered  galena  remaining  as  a  cor- 
roded fragment  in  the  cavity.  In  these  cavities  covellite  is 
found  as  an  earthy,  bluish-black  material.  Perhaps  here  the 
reaction  PbS+CuS04=CuS+PbS04  has  taken  place. 

An  average  of  two  analyses  of  the  pseudomorphs  from  the 
Big  Coon  mine  by  Mr.  Edgar  B.  Hayes  gave  the  results 
in  column  I.  Calculating  the  Fe  as  FeS,  Zn  as  ZnS,  repre- 
senting the  unchanged  sphalerite,  and  deducting  this  and  the 
SiO|  and  recalculating  to  100  %,  we  have  the  figures  in  column 
II,  while  the  theoretical  for  covellite  is  given  in  column  III. 

I.  iL  ra. 

SiOj 4.47  

Cu 18.80  67.10         66.40 

Fe 1.17  

Zn 43.68  

S 31.37  32.90         33.60 

Totals 99.49        100.00       100.00 

Oreenockite. 

Composition,  cadmium  sulphide,  CdS ;  cadmium = 77- 7  %,  sulphur = 22*3  % ; 
hardness,  3-3«5;  gravity,  4-9-5;  color,  honey-,  citron-,  or  orange-yellow;  crys- 
tallization, hexagonal  system;  cleavage,  a  distinct,  c  imperfect. 

Oreenockite  occurs  as  a  thin,  greenish-yellow  coating  on 
sphalerite.  It  is  a  very  rare  mineral  in  the  district,  though 
many  substances  are  called  by  that  name.  Some  of  the  clays 
are  incrusted  with  a  greenish  yellow  material  which  looks 
very  much  like  greenockite.  A  specimen  of  this  kind  was 
examined  by  Mr.  Charles  McClair,  a  member  of  the  Survey, 
who  found  no  cadmium  whatever.     The  yellow  coating  on 
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some  calcite  crystals  has  been  proven  to  be  zinc  sulphide  in- 
stead of  cadmium  sulphide,  as  had  long  been  thought.  Yet 
the  fact  remains  that  greenockite  does  occur,  but,  perhaps,  in 
smaller  quantities  than  is  generally  believed.  It  is  not  suf- 
ficient to  call  every  yellow  coating  greenockite. 

TVurtzite. 

Composition;  zinc  sulphide,  ZnS;  zinc  =67%,  sulphur  =33  %;  hardness, 
3*5-4;  gravity,  3*98;  color,  brownish  black;  crystallization,  hexagonal  sys- 
tem. 

Observed  forms  :   0{ 0001} OP;  mjlOTO}  «?;  1{5051}5P. 

Wurtzite  occurs  as  small  hemimorphic  crystals,  averaging 
about  two  mm.  in  length  and  one  mm.  in  thickness  in  cavities 
in  massive  zinc  sulphide  (wurtzite?) .  One  end  of  the  crystal 
is  terminated  by  the  basal  plane  (pedion),  while  the  other 
end,  which  is  usually  the  one  attached  to  the  matrix,  is  ter- 
minated by  the  pyramid,  1  {5051}  5P,  a  recent  form  for 
wurtzite  given  by  Souheur.'  Occasionally,  however,  the 
basal  plane  is  observed  on  this  end  (complementary  pedion), 
as  is  also  a  lower  pyramid,  the  symbol  of  which  cannot  be  de- 
termined on  account  of  its  small  size.  Figures  13, 14  and  16 
represent  the  combinations  observed.  On  account  of  the 
small  size  of  the  crystals  and  the  dull  surface  of  their  faces 
they  could  be  measured  neither  with  the  contact  nor  with  the 
reflection  goniometer.  Measurements  were  accordingly  made 
under  the  cross-hairs  of  a  petrographic  microscope,  and  are 
as  follows : 

Average.         Calculated. 

CaI  0001a5061     12  measurements,  11°  55'     11°  57' 
lAn"505lA5051  11  ''  65°  31'    66°  6' 

The  unit  prism  m  frequently  occurs,  and  often  the  pyr- 
amid and  prism  are  in  oscillatory  combination.  Parallel 
^ggTegAtes  are  common,  consisting  of  two  or  more  crystals 
built  upon  each  other,  their  vertical  axes  coinciding.  At  the 
free  end  of  a  crystal  two  or  more  subindividuals  are  present 
side  by  side,  their  lateral  axes  coinciding.  No  observations 
bearing  upon  the  rhombohedral  character  of  wurtzite  could 
be  made,  owing  to  the  small  size  of  the  crystals. 

8.  Sooheur:  Zeit  f.  Kryst.  u.  Min..  vol.  23.  p.  549, 189i. 

81-viii 


462  tjniversity  Oeotogicat  Survey  of  Itansas. 

There  is  an  easy  cleavage  parallel  to  the  prism  faces  of  the 
second  order,  while  cleavage  is  difiScult  parallel  to  the  basal 
plane  (pedion). 

The  massive  zinc  sulphide  upon  which  the  wurtzite  crystals 
are  implanted  usually  assumes  a  botryoidal,  mammillary  or 
stalactitic  form.  It,  too,  is  believed  to  be  wurtzite.  The 
color  is  dark  brown,  streak  dark  brown,  and  an  optical  ex- 
amination of  its  powder  shows  that  some  fragments  are 
doubly  refracting.  Massive  wurtzite  can  only  be  distin- 
guished from  massive  sphalerite  by  optical  means,  and  that 
even  sometimes  fails,  as  sphalerite  occasionally  exhibits 
anomalous  double  refraction.  It  seems  probable,  however, 
that  our  material  is  wurtzite,  on  account  of  its  association 
and  intimate  connection  with  the  wurtzite  crystals.  The 
crystals  are  formed  directly  out  of  the  massive  wurtzite,  and 
there  is  perfect  continuity  between  them  and  the  latter.  The 
color  and  appearance  of  the  powder  of  the  crystals  and  the 
massive  mineral  under  the  microscope  are  precisely  the  same. 
The  powder  of  both  the  crystallized  and  massive  wurtzite 
was  compared  with  that  of  sphalerite,  and  the  cleavage 
planes  were  found  to  be  much  fewer  and  less  perfect  than  in 
the  sphalerite. 

The  only  locality  in  the  district  for  wurtzite  is  a  deserted 
mine  near  the  Missouri  Pacific  tracks,  in  the  eastern  part  of 
Joplin,  on  the  Missouri  Lead  and  Zinc  Company's  land.  In- 
timately associated  with  it  is  galena  in  the  peculiar  reticulate 
or  skeletal  forms,  as  described  under  that  mineral. 

An  analysis  of  the  massive  zinc  sulphide  from  this  locality 
gave  Mr.  Edgar  B.  Hayes  the  following  (the  average  of  two 
analyses)  : 

SiOf 08 

Fe 2.46 

Pb 7.24 

Zn 57.85 

S 81.07 

98.70 

Calculating  the  Pb  as  PbS,  deducting  this  and  the  SiO|,  and 
recalculating  to  100%,  we  have  the  following: 

Fe 2.78 

Zn 64.09 

S 33.18 

Total 100.00 
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Chaloopyrite. 

Composition,  copper  and  iron  sulphide,  CuFeSs;  copper =84*  5%,  iron  = 
80*6%,  8ulphiir=85%;  hardness,  8«5-4;  gravity,  4«l-4«3;  color,  brass  yel- 
low; crystallization,  tetragonal  system. 

Observed  forma :   c{001}OP;  z{lll}P;  mjlOO}  ooPoo. 

Chalcopjrite  is  a  widely  distributed  mineral  in  the  district, 
but  never  occurs  in  large  quantities.  The  crystals  are  tetrag- 
onal sphenoids  with  a  tetrahedrid  aspect,  as  shown  in  figures 
16  and  17. 

As  a  rule,  the  unit  sphenoid  z  occurs  alone,  and  it  is  al- 
ways the  dominant  form.  Rarely  the  edge  zazMs  truncated 
by  the  basal  plane  c.  This  plane  is  always  rough,  and  is 
frequently  striated  parallel  to  its  intersection  edge  with  z,  or 
at  other  times  the  stria tions  are  perpendicular  to  those  just 
mentioned.  The  faces  of  the  sphenoid  z  are  striated  parallel 
to  the  edge  caz,  or  perpendicular  to  this  edge.  One  face 
shows  both  of  these  striations,  one  on  the  lower  part  of  the 
face,  the  other  on  the  upper.  The  form  m,  prism  of  the 
second  order,  occurs  as  a  narrow  face  truncating  the  polar 
edges  of  z.     Its  surface  is  smooth. 

Ghalcopyrite  occurs  on  sphalerite  as  small  crystals  arranged 
in  parallel  position,  so  that  reflection  from  their  surfaces  is 
obtained  at  the  same  time.  There  seems,  however,  to  be  no 
definite  relation  between  the  chalcopyrite  and  the  sphalerite. 

Ghalcopyrite  seems  to  be  the  one  original  copper  mineral 
from  which  all  the  other  copper  minerals  of  the  district  have 
been  derived.  It  alters  to  limonite,  cuprite,  malachite,  and 
chalcanthite.  A  red,  blue  or  purple  tarnish  on  its  surface  is 
very  common.  Pseudomorphs  of  limonite  after  chalcopyrite 
are  found  at  the  Jeanie  mine,  Galena. 

Pyrite;  "Mundic"  in  part 

Composition,  iron  disulphide,  FeSs;  iron =46*6%,  sulphur =53*4%;  hard- 
ness, 6-6-5;  gravity,  4-95-5«10;  color,  pale  brass  yellow;  crystallization, 
re^^lar  system. 

Observed  forms:  cjlOOjooQ*;  pjllljO;  f{410}ooO4; 
«{720}o3OJ;  e{210|ooO2. 

The  cube  occurs  alone,  its  faces  often  being  much  distorted 
and  curved.     Striations  are  very  common  on  its  faces,  due 
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to  oscillatory  combination  with  the  pjritohedron  e.  Solid 
angles  of  the  cube  are  often  acuminated  by  octahedron  faces. 
The  pjritohedron  e  occurs  alone  and  in  combination  with  the 
cube.  Often  the  forms  c,  e,  p  and  an  undetermined  diploid 
occur  together  on  a  crystal. 

Small  crystals  in  black  shale,  from  the  Mastin  ground. 
Galena,  consist  of  the  single  form  f{410}  (fig.  18).  The 
following  measurements  were  made  under  the  cross-hairs  of  a 
microscope,  with  these  results : 

Averago.         Calculated. 

f Af  410a410  12  measurements,  27°  29'    28°  4V 

The  form  :e{720}  occurs  as  small  crystals  in  limestone  at 
Galena.  The  following  are  the  measurements  on  which  the 
identification  of  the  form  was  based  (measurements  being 
made  under  the  cross-hairs  of  a  microscope)  : 

_  ▲vei«s«'  Calculated. 

tA^  720a720  5  measurements,  31°  48'    31°  5SV 
*A«  720a720  6  **  32°  18'    31°  SSi' 

In  general,  pyrite  is  far  less  abundant  than  marcasite,  but 
in  the  Galena  subdistrict  it  is  more  abundant.  It  alters  to 
limonite,  melanterite,  and  copiapite.  Pseudomorphs  of  li- 
monite  after  pyrite  are  not  uncommon. 

Marcasite  ;  "Mundic"  in  part. 

Composition,  iron  disulphide,  FeS2;  iron=46«6%,  sulphur =53*4%:  haid« 
ness,  6-6»5;  gravity,  4-85- 4- 90;  color,  pale  brown  yellow;  crystallization, 
orthorhombic  system. 

Observed  forms :   pjOOljOP;  qjOlOJooPoo;   m{110}a>P; 

rjOHjiPoo  ;    z|012jiPoo. 

The  basal  pinacoid  p  is  striated  parallel  to  its  intersection 
edge  with  the  brachypinacoid  b.  The  unit  prism  is  always 
horizontally  striated,  as  is  frequently  the  brachypinacoid  b. 
Faces  in  the  zone  of  brachydomes  are  much  striated  and 
often  in  oscillatory  combination  with  each  other.  Perhaps 
other  brachydomes  than  those  given  occur.  The  crystals  are 
invariably  flattened  in  the  direction  of  the  vertical  axis. 

Four  types  of  crystals  may  be  distinguished : 

Type  1.  Rather  large  crystals  in  groups  called  *' cocks- 
comb" pyrites.     The  forms  present  are  p  and  m,  the  faces  of 


RoasBS.]         Minsrals  of  the  QaUna-Joplin  District.  465 

the  latter  being  much  curyed  and  convex.  As  is  the  case 
with  many  other  crystals,  the  curved  faces  are  due  to  sub- 
individuals  in  approximately  parallel  position.  Figure  19 
represents  the  ideal  crystal  of  this  type. 

Type  2.  Forms  present  same  as  those  on  last  type,  but  the 
crystals  are  smaller,  and  the  m  faces  curved  concave  instead 
of  convex. 

Type  3.  Small  crystals  with  the  forms  p,  m,  r,  and  z,  the 
latter  being  much  striated  and  in  oscillatory  combination. 
Twins  are  common,  the  twinning  plane  being  the  ordinary 
one  for  marcasite,  m{110}.  Crystals  of  this  type  are  rep- 
resented by  figure  20. 

Type  4.  Cyclic  fivelings  (twinning  plane  m)  occur  in  a 
matrix  of  carbonaceous  shale  on  the  Mastin  ground,  Galena. 
The  forms  are  several  brachydomes  in  oscillatory  combina- 
tion, and  q,  which  occurs  as  a  very  narrow  face.  Figure  24 
gives  an  idea  of  this  type.  Figure  26  is  the  detail  of  a  part 
of  a  crystal,  showing  repeated  twinning.  Figures  21,  22  and 
23  are  representations  of  other  crystals  of  marcasite.  Figure 
23  is  a  fine  example  of  lamellar  twinning. 

Marcasite  in  parallel  position  with  pyrite  has  been  observed 
at  the  Nickel  Plate  mine,  Aurora.  The  marcasite  exhibits  the 
following  forms :  P,  m,  r,  and  z,  and  is  partially  enclosed  by 
pyrite  with  these  forms  :  c,  p  and  an  undetermined  diploid. 
The  basal  pinacoid  and  one  of  the  faces  of  the  unit  prism  of 
the  marcasite  are  parallel  to  cube  faces  of  the  pyrite.  This 
parallel  growth  is  like  one  described  by  Luedecke.* 

Marcasite  alters  to  limonite  and  melanterite.  Pseudo- 
morphs  of  limonite  after  marcasite  are  common. 

Quartz. 

Composition,  silicon  dioxide,  SiOt;  silica  =46-7%,  oxygen  =  53«3%;  hard- 
ness, 7;  gravity,  2-653;  color,  colorless  when  pure;  crystallization,  rhombo- 
hedral  system. 

Observed  forms  :  b{10lO|ooR;  rjlOll}+R;  /t>|0lll}— R. 

The  mineral  quartz  is  only  occasionally  found  as  crystals, 
and  then  usually  of  very  small  size.     However,  at  Granby 

9.  Ann.  d.  Phys.  u.  Chem.  Era:..  voL  8,  pp.  625-664.  Abstr.  in  Z«it.  fur  Kryst.  u.  Min.  voL  8. 
pp.  626-«29,  Uf.  zv.  tigs.  6-11. 1879. 
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and  Wentworth  crystals  were  found  which  measure  2i  cm. 
in  the  direction  of  the  rertical  axis,  but  such  are  very  rare. 
The  absence  of  large  quantities  of  crystallized  quartz  has  an 
important  bearing  upon  the  origin  of  the  ores,  as  has  been 
brought  out  in  the  chapters  on  the  geology  of  the  district. 

The  massiye  quartz  of  the  region,  commonly  known  as  flint 
or  chert,  is  of  the  two  kinds,  primary  and  secondary.  The 
latter  Jenney  has  called  '^cherokite/'  because  of  its  abun- 
dance in  and  about  Galena,  which  is  located  in  Cherokee 
county,  Kansas.  These  two  yarieties  of  chert  differ  in  phys- 
ical characters,  the  one  being  white  or  light  shades  of  blue, 
the  ether  black  or  dark  gray.  They  are  closely  related  in 
chemical  composition. 

Cnprite. 

Ck>mposition,  cuprous  oxide,  CusO;  copper  aB88«8%,  oxygen  =11*2%; 
hardness,  8*5-4;  gravity,  5-85-6*15;  color,  red  ef  various  shades;  crystal- 
lization, r^^ular  system. 

Cuprite  was  observed  as  a  secondary  mineral  in  a  chert 
breccia  associated  with  chalcopyrite,  malachite,  and  other 
copper  minerals.  It  also  occurs  as  a  central  core  surrounded 
by  massiye  malachite,  from  which  the  latter  was  evidently 
formed.  The  mineral  is  of  the  characteristic  dark  red  color. 
It  was  found  only  at  the  Big  Coon  mine.  Galena,  which, 
though  a  very  insignificant  mine,  furnishes  a  great  variety 
of  copper  minerals. 

Hematite. 

Composition,  iron  sesquioxide,  FesOs;  iron  =70  %,  oxyg^en  =30  %;  hard- 
ness, 5-5-6«5;  gravity,  4-9-5-3;  color,  dark,  steel  gray,  or  iron  black,  in 
very  thin  particles  blood  red  by  transmitted  light;  crystallization,  rhombo- 
hedral  system. 

The  mineral  hematite  occurs  as  a  thin,  black,  botryoidal 
incrustation  with  a  metallic  luster  in  chert  cavities  at  Cooper 
hollow,  in  the  eastern  part  of  Galena.  It  is  frequently  ob- 
served as  a  soft,  red  stain  on  rocks  in  all  parts  of  the  district. 

Pyroliisite. 

Composition,  manganese  dioxide,  MnOs;  manganese =63*1%,  oxygen  = 
36-9%;  hardness,  2-2-5;  gn*avity,  4^82;  color,  iron  black,  dark  steel-gray, 
sometimes  bluish;  crystallization,  orthorhombic  system. 

A  soft,  black  mineral  from  a  shaft  west  of  Black  Hill,  in 
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the  western  part  of  Galena,  and  from  the  mines  east  of  Au- 
rora is  probably  pjrolusite.  It  has  a  botryoidal  surface  and 
the  streak  is  black  with  submetallic  luster.  It  reacts  for 
manganese  and  in  the  closed  tube  gives  o£f  a  small  amount 
of  water,  as  pyrolusite  often  does.  Dendritic  markings  of  a 
black  color  on  chert  at  Gran  by  may  probably  be  referred  to 
this  mineral. 

liimonite* 

Composition,  2Fes08-8HfO;  iron,  59*8%,  water,  15-5%;  hardness,  5-5-5; 
gravity,  8-6-4;  color,  various  shadoB  of  brown;  crystallization,  not  crystal- 
lized. 

Limonite  is  rery  commonly  observed  as  a  thin  coating  or 
stain  of  yellow  or  brown  color  on  the  rocks. 

Pseudomorphs  of  limonite  after  pyrite,  marcasite  and  chal- 
copyrite  are  not  uncommon. 

Calotte;  "Tipp." 

Ck>mposition,  calcium  carbonate,  CaCOs;  calcium,  40%;  oxygen,  48%; 
carbon,  12%;  hardness,  8;  gravity,  2- 713;  color,  white  or  colorless,  also  va- 
rious i^ades  of  gray,  pink,  blue,  violet,  yellow,  and  brown,  due  to  impuri- 
ties; crystallization,  rhombohedral;  cleavage,  rhombohedraL  Observed 
forms,  see  table  L 

Introduction. — The  only  crystallographic  study  of  the 
calcites  of  the  district  has  been  that  made  by  Farrington,^® 
who  distinguishes  fiye  types  of  crystals  and  gives  thirteen 
crystal  forms."  Farrington's  material  comprises  the  more 
typical  of  the  larger  crystals  occurring  in  the  immediate  vi- 
cinity of  Joplin,  but  is  rather  limited  when  the  whole  dis- 
trict is  taken  into  consideration. 

The  material  at  the  disposal  of  the  writer  was  exceptionally 
complete,  amounting  in  all  to  perhaps  as  many  as  1000  crys- 
tals. They  were,  for  the  most  part,  collected  by  him  during 
the  summers  of  1899  and  1900  in  all  parts  of  the  district. 
Besides  this  a  number  of  specimens  in  the  University  of  Kan- 
sas Museum,  collected  in  previous  years,  was  at  hand.  A 
suite  of  137  crystals,  principally  of  types  1,  2,  and  4,  was 

10.  Publications  of  the  Field  Columbian  Muaeum.  Geological  Seriei,  voL  I,  No.  7.  pp.  282-241. 
1900. 

IL  Since  the  aboye  was  written,  the  writer  has  come  across  a  reference  to  the  Joplin  cal- 
cites in  the  BulL  Soc  Francaise  de  Mineralogie,  voL  20,  pp.  110,  HI.  1897.  Pisani.  in  present!  njc 
two  calcite  crystals  from  Joplin  to  the  society,  notes  the  crystal  forms  present  as  —  IR,  —  6R. 
+  R|  -I-  R3,  +1  RS.  +|R^  and  §  P2,  of  which  the  three  latter  forms  were  not  observed  by  either 
Farrington  or  the  writer.    But  as  no  measurements  are  ^ven  they  are  not  included  in  the  list. 
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kindly  loaned  for  study  by  Messrs.  Geo.  L.  English  &  Co., 
of  New  York  city,  to  whom  we  are  greatly  indebted  for  this 
service.  In  addition  to  these,  the  crystals  from  a  number 
of  private  cabinets,  among  them  those  of  Col.  J.  V.  Pierce,  of 
Galena,  Mr.  James  Roach,  of  Joplin,  and  Mr.  W.  G.  Kane, 
of  Kansas  City,  Mo.,  were  examined.  The  crystals  of  type 
24  are  in  the  Egleston  Mineralogical  Museum,  of  Columbia 
University.  Thanks  are  due  to  Prof.  A.  J.  Moses,  of  that  in- 
stitution, for  opportunity  to  study  the  crystals. 

OBYBTALLOOBAPHY. 

Table  I,  following,  gives  a  list  of  all  forms  observed  on  the 
calcite  crystals  of  the  district.  Goldschmidt's  letters,  as  given 
in  his  ''Index  der  Krystallformen  der  Mineralien,''  are  used 
in  the  designation  of  the  forms.  Letters  for  new  and  uncer- 
tain forms  are  chosen  in  accordance  with  Goldschmidt's  tables 
on  page  141  of  the  above-mentioned  work.  These  letters  are 
used  in  the  tables  and  descriptions  following.  In  the  column 
marked  ''Dana"  are  contained  the  letters  used  in  the  sixth 
edition  of  the  System  of  Mineralogy,  1892,  for  such  forms  as 
are  given  in  that  work.  The  symbols  of  Bravais-Miller  and 
Naumann  follow  in  the  next  columns. 

All  forms  given  were  observed  by  the  author,  except  where 
noted  in  the  column  headed  "Remarks,''  which  also  contains 
the  name  of  Farrington  when  he  was  the  first  to  describe  the 
form. 
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Table  I.— Showing  th«  crystal  f«T7iu  of  calcite. 
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rig.  90. 
Representing  Total  Calcite  Faces  on  Crystal  Forms  DescribecL 

SPHBRIOAL   PROJECTION    OF   THK    FORMS. 

Figure  90  is  a  spherical  projection  of  the  forms  obseryed  on 
the  calcite  crystals  of  the  district. 

Zones  containing  the  various  rhombohedrons  and  the  one 
stretching  between  two  faces  of  the  unit  rhombohedron 
p*,  +R  are  conspicuous  from  the  great  number  of  planes 
lying  within  them,  which  is  true  of  the  calcites  of  most  other 
localities. 

DESCRIPTION   OF   FORMS. 

No.  l.-T-Basal  Pinacoid.  Though  not  common,  this  form  is 
frequently  seen.  It  is  the  predominant  form  on  crystals  of 
type  11.  Its  surface  is  dull  and  its  combination  edges  with 
other  forms  not  sharply  defined.     Type  10  from  Joplin,  11 
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from  Aurora,  13  from  Granbj,  Aurora,  and  Joplin,  and  14 
from  Granby,  exhibit  the  form. 

No8.  2  and  3. — Prisms.  The  prism  of  the  first  order,  6,  is 
a  characteristic  though  subordinate  form  on  crystals  of  type 
6,  Nickel  Plate  mine,  Aurora;  type  15,  Elizabeth  mine,  Jop- 
lin  ;  type  20,  Gracie  Clarke  mines,  northwest  of  Galena.  The 
prism  of  the  second  order,  a,  is  sometimes  observed  on  type 
20  as  a  narrow  face  truncating  the  basal  or  middle  edges  of 
the  scalenohedron  K:  ,+R* ;  also  as  a  narrow  face  on  type  17, 
from  the  Gracie  Clarke  mines. 

Nos.  4  to  9. — Positive  Rhombohedrons.  n«,  +5R.  This  form 
is  yery  common  on  the  crystals  of  type  20,  from  the  Gracie 
Clarke  mines.  Galena,  and  is  frequently  seen  on  other  crystals, 
though  it  is  neyer  large.     Its  surface  is  rather  rough. 

m*,  +4R  is  a  very  common  form.  Barely  large,  it  is  on 
crystals  of  type  22  the  dominant  form.  Its  characteristic 
deltoid  shape  is  shown  in  figures  —  and  — .  Etch-figures, 
as  shown  in  figure  26,  are  yery  common  on  its  faces. 

k-  +|R  is  a  yery  narrow  form,  truncating  the  obtuse  polar 
edges  of  the  scalenohedron  K:,  +R'  on  some  of  the  crystals 
of  type  10  frem  the  John  Jackson  mine. 

p*,  +R  occurs  yery  frequently,  although  it  is  not  a  common 
form  for  most  other  localities.  On  seyeral  of  the  types,  6,  7, 
and  12,  it  is  the  dominant  form.  As  the  cleayage  rhombo- 
hedron  it  is  a  great  aid  in  orienting  the  crystals.  Faces  of 
this  form  are  often  dull,  and  etch -figures  are  of  frequent  oc- 
currence. These  are  deltoids,  with  their  longer  sides  parallel 
to  the  polar  edges  of  the  faces,  as  figure  27  shows.  They  are 
often  arranged  in  lines  following  the  direction  of  their  longest 
edges.     Another  form  of  etch-pits  is  shown  in  figure  28. 

e«,  +fR  was  observed  on  but  one  type  of  crystals,  14,  from 
the  Mascot  mine,  Granby.  It  is  not  sharply  differentiated 
from  d.,  +iR. 

d»,  +iR  is  a  very  rare  form,  occurring  on  crystals  of  type 
14,  Granby,  and  type  16,  Aurora.  It  is  identified  by  the  fact 
that  it  truncates  the  polar  edges  of  ^^  — iR. 
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Nos.  10  to  23. — Negative  Rhombehedrons.  These  forms  are 
highly  characteristic  for  the  region,  and  on  many  of  the  types 
are  the  dominant  forms.  The  steep  ones  and  the  low  ones 
are  about  equally  represented. 

D»,  — iR  usually  appears  as  a  very  narrow  face  between  o 
and  ^•y  though  sometimes  it  is  quite  large  when  ^*  is  lacking. 
Crystals  with  this  form  are  from  Aurora  and  from  the  Mascot 
and  Homes  take  mines,  Granby.     Types  13,  14,  and  16. 

^•,  — i^R  is  perhaps  the  commonest  of  the  rhombohedrons, 
rivaling  v>*,  — 2R  in  this  particular.  While  rarely  dominant, 
it  is  very  important  in  determining  the  character  of  the  ex- 
tremities of  many  of  the  crystals.  On  a  modification  of  type 
4  from  the  Pelican  mine  it  is  the  dominant  form,  while  it  is 
the  only  form  present  on  a  few  crystals  found  at  the  Portland 
mine,  Leadville  hollow,  Joplin,  which  are  designated  as  type 
21.  Striations  parallel  to  the  edge,  p-/^^-  are  very  frequently 
present.  On  one  crystal  the  faces  of  this  form  have  etch- 
figures,  as  shown  in  figure  29. 

!?•,  — JR  usually  occurs  with  ^.,  and  is  especially  common 
on  crystals  of  types  2,  8,  and  20.  Rib-like  striations,  shown 
in  figure  30,  are  characteristic  of  it. 

fC',  — R.  Though  not  common,  this  is  a  frequent  form  on 
crystals  of  a  rhombohedral  or  low  scalenohedral  aspect,  as 
types  12  and  15,  from  the  Big  Six  and  Elizabeth  mines,  re- 
spectively. On  the  latter  it  is  a  prominent  form.  Its  faces 
are  rough,  being  marked  by  deltoid  etch-pits  or  growth 
figures. 

^•,  — ^R  is  a  characteristic  form  on  the  crystals  of  type 
9  from  the  Blaikie  No.  2  mine.  The  faces  are  deltoid  in 
shape,  with  deep  etch-pits  of  the  outline  in  figure  31. 

/^•,  — f  R  was  observed  on  several  crystals  of  type  2  from  the 
Pittsburg  mine,  Joplin. 

o>,  — JR  is  a  prominent,  sometimes  the  dominant,  form  on 
crystals  of  type  24. 

T-,  — fR  is  a  form  frequently  noticed  on  crystals  of  type  4. 
As  Farrington  has  observed,  it  is  of  quite  sporadic  occurrence, 
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usually  appearing  as  a  single  plane,  or  two,  and  rarely  in  its 
full  number  of  three  planes. 

s^-,  — 2R,  a  very  common  form,  is  one  to  which  several  of 
the  types  owe  their  habit,  among  them  5,  13,  and  certain 
phases  of  type  4.  As  a  subordinate  form  it  truncates  the 
shorter  or  acute  polar  edges  of  the  common  scalenohedron 
K:,  +R'.  Thus,  its  identification  is  as  a  rule  very  easy. 
The  faces  of  this  form  are  commonly  cross-striated,  and  its 
combination  edges  with  K:  rounded,  or  even  modified,  by  an 
undetermined  scalenohedron  of  high  indices.  Etch-figures 
of  the  form  shown  in  figure  32  were  observed  on  the  faces  of 
this  form  on  crystals  of  type  2  from  the  Pittsburg  mine,  and 
of  type  4  from  the  New  Start  mine,  Granby. 

J-,  — ^R  was  observed  on  crystals  of  type  19  from  the 
Homestake  mine  at  Granby,  where  it  occurs  as  a  subordinate 
form. 

S'f  — 4R  was  not  identified  by  the  writer.  Farrington  men- 
tions it  as  a  prominent  form  on  crystals  of  his  type  6. 

F.,  — 5R.  Type  13,  which  includes  crystals  from  the  Home- 
stake  mine  at  Granby,  the  Pelican  mine  at  Joplin,  and  various 
mines  at  Aurora,  has  as  its  dominant  form  this  rhombohe- 
dron  in  almost  equal  development  with  ^. 

J.,  — IIR  is  a  very  common  form.  On  crystals  of  type  4 
(Farrington),  which  are  found  in  almost  every  part  of  the 
district,  and  in  great  numbers,  it  is  always  present.  Its  usual 
pentagonal  shape  is  shown  in  figures  37  and  38.  It  deter- 
mines the  habit  of  crystals  of  type  8  from  the  Crystal  Palace 
mine  between  Joplin  and  Central  City. 

#,  — 14R  is  the  dominant  form  on  type  19,  of  which  only 
a  few  crystals  were  seen. 

fi.,  — 20R  was  not  observed  by  the  writer.  It  is  mentioned 
by  Farrington  as  occurring  on  twin  crystals  consisting  of  the 
forms  K :,  S-,  and  f ,  where  the  twinning  plane  is  S-. 

Nos.  23  to  25. — Scalenohedrons  of  the  zone  p  8 ;  this  zone, 
a  most  important  one  among  calcite  crystals  as  a  whole,  is 
represented  in  our  crystals  by  three  scalenohedrons. 


474  University  Oeological  Survey  of  Ko/mob. 

t :,  +|R'.  Though  only  in  a  few  cases  dominant  (type  18, 
Granby) ,  this  form  is  prominent  on  crystals  of  types  1  and 
12  and  occurs  as  a  subordinate  form  on  types  2  and  9. 

w  :,+|R*  is  the  dominant  form  on  type  6  from  the  Nickel 
Plate  mine,  Aurora,  and  on  type  16  from  the  Elizabeth  mine, 
Joplin.  It  is  also  prominent  on  type  3  from  the  Pelican  mine, 
Joplin.  Striations  parallel  to  its  acute  or  shorter  polar  edges 
are  common. 

e  :,+|Il4  is  prominent  on  type  7,  Elizabeth  mine,  and  type 
20,  Gracie  Clark  mines.  Its  faces  are  striated  parallel  to  its 
acute  polar  edges.  Often  it  is  in  oscillatory  combination 
with  p«. 

Nos.  25  to  27. — Scalenohedrons  of  the  zone  p^a.  F :, +|  occurs 
as  a  subordinate  form  on  crystals  of  type  7  from  the  Eliza- 
beth mine.  Its  faces  are  very  rough.  Farrington  mentions  its 
occasional  occurrence  on  crystals  of  type  2. 

K:+K'  is,  perhaps,  of  all  the  forms  observed,  the  most 
common.  The  greater  number  of  the  crystals  of  the  district 
have  their  habit  determined  by  this  form.  Etch-pits,  or 
growth  figures  of  the  form  in  figure  33,  are  sometimes  noticed 
on  the  surfaces  of  crystals  of  type  22  from  the  Gracie  Clark 
mines.  Peculiar  markings  occur  on  its  faces  at  the  Blaikie 
No.  2  mine,  as  figure  54  shows. 

Other  scalenohedrons.  A  few  other  scalenohedrons  occur. 
On  account  of  their  small  size,  or  the  character  of  their  faces, 
they  cannot  be  satisfactorily  determined. 

Combinations. — On  the  following  page  is  given  table  II, 
showing  the  combinations  observed  on  the  calcite  crystals  of 
the  district.  In  the  vertical  column  on  the  left  is  the  number 
of  the  type ;  in  the  horizontal  column  at  the  top  are  the  dif- 
ferent forms  arranged  as  they  are  in  table  I,  and  description 
of  forms.  The  table  at  once  shows  the  forms  in  a  given  type 
and  on  what  types  a  given  form  is  present.  A  parenthesis 
around  a  form  indicates  that  it  is  not  a  characteristic  form 
for  the  type,  but  is  only  occasionally  present.  Tbi»  same  dis- 
tinction is  also  used  in  the  description  of  the  typ»? 
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DB8CBIPTION   OF   TYPES. 

Farrington,  in  the  publication  previously  referred  to,  di- 
vided the  calcite  crystals  observed  by  him  into  five  types. 
These  are  accepted  by  the  author  and  nineteen  more  types 
are  added,  being  designated  by  the  numbers  6  to  24.  As  in 
other  classifications,  there  is  no  hard-and-fast  line  separating 
the  various  types,  for  they  intergrade  more  or  less.  Some 
crystals  may  with  equal  propriety  be  included  under  two  or 
more  diflfereQt  types. 

Farrington  has  fully  described  types  1  to  5  in  his  paper. 
The  following  notes  are  based  upon  material  studied  by  the 
writer,  except  type  5,  which  was  not  found  by  him.  Most  of 
this  information  concerning  the  first  five  types  is  contained  in 
Farrington's  paper,  though  some  new  observations  are  made. 

Several  undetermined  forms  occur.  These  belong  to  faces 
which  are  either  too  small  to  be  determined  by  the  contact 
goniometer,  or  too  dull  or  too  striated  to  be  determined  by  the 
reflection  goniometer.  However,  it  is  thought  that  they 
deserve  a  place  in  the  description,  and  are  accordingly  desig- 
nated by  certain  characters.  Thus,  +?  stands  for  an  unde- 
termined positive  rhombohedron ;  —  ?  for  a  negative  one ; 
while  ??  is  an  undetermined  scalenohedron. 

Type  1  (Farrington).   K:,  R»;  t:,  +iR';  (S-,  -iR). 

Farrington  describes  the  crystals  of  this  type  as  delicate 
violet  to  wine-yellow  crystals  from  the  Blaikie  No.  2  mine. 
The  writer  has  also  noted  them  from  the  Blackberry  mine, 
which  is  situated  a  short  distance  from  the  Blaikie  No.  2. 
The  faces  of  the  crystals  are  smooth  and  bright,  showing  no 
etching  or  other  deformation.  Figure  34  (after  Farrington) 
exhibits  the  typical  development  of  this  form.  Measure- 
ments on  these  crystals  with  the  contact  goniometer  are  as 
follows : 


Crystal.. 

Ansrie. 

No.  of 
measure- 
ments. 

Average. 

CalcnUtod. 

No.  1. 

t:At:' 

2134a2314 

1 

43°    0> 

41°  55/ 

No.  1. 

t:At:^ 

2134a3124 

1 

21    30 

20    36i 

No.  2. 

t:At:' 

2134a23T4 

1 

42    30 

41    55 

No.  2. 

t:At:^ 

2134a3124 

1 

21    20 

20    36i 
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Type 2 (Farrington) .  K:  +R»;  ^.  -^R;  i?-  -JR;  (F:  +Rf)  ; 
(w:+|R»);  p.  +R;  m-  +4R;  (9-  -2R)  ;  (a*  -|R)  ; 
(t:  +iR«) . 

Large  crystals  of  amber  color,  often  doubly  terminated.  Far- 
rington mentions  crystal  of  this  type  from  the  Crystal  cave, 
Ino  mine,  Joplin.  Crystals  referred  to  this  type  have  also 
been  found  at  the  Pittsburg  mine,  at  the  Crystal  Palace 
mine,  and  at  the  Roach  cave,  on  West  Fourth  street,  Joplin. 
Doubtless  they  are  also  found  at  other  localities.  Crystals 
from  the  Pittsburg  mine  have  the  following  forms :  K: ,  p-, 
1?.,  ^,  t :,  /«•,  and  f .  Prof.  W.  0.  Crosby,  who  has  made  a  thor- 
QUgh  study  of  the  Roach  care,  describes  the  crystals  there  as 
haying  the  two  ends  different.  One  end  is  amber  color,  with 
seyeraJ  terminations  in  parallel  positions.  These  ends  have 
Ibe  following  forms :  K: ,  f  •,  t: ,  ^*,  and  m*.  The  other  end  has 
but  a  single  sharp,  unmodified  termination  of  the  form  K: , 
and  is  dark  from  inclusions  of  small,  elongated  crystals 
which  bound  phantom  crystals.  Crystals  from  this  cave  are 
often  very  large,  measuring  three  or  four  feet  in  the  direction 
of  the  vertical  axis.  They  are  represented  in  figure  85.  The 
crystals  described  as  type  22  might  possibly  be  included  here, 
but  as  they  differ  in  some  of  the  forms,  and  as  the  localities 
are  widely  separated,  it  is  thought  best  to  designate  them  as 
a  separate  type.  Measurements  on  crystals  of  this  form  are 
as  follows : 


OnrsTAik 

Ansrle. 

No.  of 

measure- 

mmts. 

Cleulmted. 

No.  1. 

<p.  ^7j. 

0221a0445 

1 

24°  30' 

24°  50' 

No.  1. 

P'Ain- 

101Ta40I1 

1 

31     0 

31  lOJ 

No.  2. 

^'  A9' 

0112a0221 

1 

37  45 

36  52 

No.  2. 

fi.  /\<p. 

0665a0221 

3 

13  45 

13  18i 

No.  2. 

At- A?- 

O660AOIT2 

4 

23  59 

23  33| 

No.  3. 

f^  A9* 

0665a0221 

3 

13    0 

13  18J 

No.  4. 

/CiM' 

213Ta0445 

1 

23  40 

24  50 

No.  5. 

1^/C\y/K\r\m. 

3 

21     0 

22    4 

82— viii 
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TYPB8(Farringtoii).  K:XR';  w:,+fR*;   (S-,— iR). 

Small  to  medium-sized  crystal  from  the  Pelican  mine,  Jop- 
lin.  The  faces  of  K  :  are  smooth  and  lustrous,  while  those 
of  w :  are  very  rough  and  dull.  They  are  represented  in 
figure  36  (after  Farrington) .  Measurements  of  the  forms  are 
as  follows : 


Crystal. 

Ancle. 

Naof 

measnre- 
meuts. 

Avenge. 

CalenUtod. 

w:aw:" 
W:aw:^ 

3145a3415 
3145a4T35 

2 
2 

46°  45' 
16  45 

42°  23' 

16    0 

Type  4  (Farrington).  K:,  +R»;  9,  -2R;  i^.,  -IIR; 
S-,  -^R;  IT.,  -JR,  (D.,  -^R)  (0,  oR), 

Colorless  or  amber  crystals  of  small  to  medium  size,  though 
sometimes  very  large.  The  crystals  studied  by  Farrington 
were  from  Leddy's  Lease,  Central  City,  and  he  mentions 
them  as  a  characteristic  type  for  the  Joplin  district.  Such, 
indeed,  they  are,  for  there  is  no  type  more  widely  distributed 
and  so  abundant  as  this  one.  The  writer  has  collected  them 
from  the  following  mines  at  Joplin :  Portland,  Bull  Dog, 
Crystal  Palace,  Conqueror,  Raspberry,  John  Jackson,  Uno, 
Estrada,  and  Pelican  ;  from  the  Homes  take  mine,  at  Granby, 
and  from  a  mine  at  Duenweg.  In  the  typical  development 
of  the  crystals  K :  is  the  dominant  form.  9*  is  almost  always 
rounded  and  cross-striated.  I*  appears  as  a  pentagonal  face 
with  rounded  surface  and  with  its  intersection  edge  with  9  not 
sharply  defined,  ^r  often  altogether  lacking,  is  usually  so  in 
one  or  two  of  its  faces.  A  typical  crystal  is  represented  in 
figure  37.  On  a  crystal  from  an  unknown  locality  in  Joplin 
the  forms  D-  and  0  occur.  Although  K :  usually  is  the  domi- 
nant form,  sometimes  9*  assumes  that  role,  the  faces  of  the 
former  not  being  present  at  all.  A  few  such  crystals  were 
found  at  the  Homestake  mine,  Granby,  and  Duenweg  along 
with  those  of  normal  development.  Crystals  of  this  type  from 
the  Pelican  mine,  much  shortened  in  the  direction  of  the 
vertical  axis,  have  as  the  dominant  form  S-  represented  in 
figure  38.     Such  variations,  though  perhaps  present  more  or 
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less  in  all  the  types,  are  especially  prominent  in  this  one. 
Measurements  as  follows : 


Gbtstai^ 

Anffle. 

No.  of 

measure- 

menta. 

Averasre. 

CUcuIated. 

No.  1. 

J.  AV 

0.11.11.1a0221 

1 

21°  30' 

21°  37' 

No.  2. 

?•  A^« 

01I2a0775 

1 

28    0 

27  51 

No.  2. 

<P'  A^ 

0221a0775 

1 

8  50 

9    1 

No.  2. 

9'A^' 

0221 aO 112 

2 

38  30 

36  52 

No.  3. 

?'  A^' 

0221a0775 

3 

9  43 

9    1 

No.  3. 

if.  /\I. 

0221a0.11.11.1 

4 

21  45 

21  37 

No.  3. 

fClA/C-^ 

2131a23T1 

8 

74  43 

75  22 

No.  3. 

fCA/C:" 

213lA3r21 

3 

37     0 

35  36 

No.  8. 

f- A?' 

0221  a01T2 

2 

37  15 

36  62 

Type  5  (Farrington).    ^,-2R;  ^•,-4R;  S.,-iR. 

No  crystals  of  this  type  were  observed  by  the  writer.  The 
following  is  Farriugton's  description"  (Dana's  letters  being 
replaced  by  those  of  Goldschmidt's  for  the  sake  of  uniformity.) 
''Type  specimens  in  the  museum  collection  come  from  the 
Meadowcroft  mine,  Joplin.  They  are  colorless,  and  not  over 
one  inch  (2.5  cm.)  in  length.  .  .  .  The  planes  of  sp-  and 
9.  are  considerably  curved,  and  admit  of  only  approximate 
measurements.  The  symbol  of  ^  was,  however,  sufl5ciently 
determined  by  its  relation  to  the  cleavage  rhombohedron  and 
that  of  6.  was  determined  from  the  mean  of  measurements  of 
ten  crystals,  which  gave  S- :  6.  =0221 :  0441  =49°.  The  calcu- 
lated  value  is  49°  32^.  The  planes  of  S-  are  usually  smooth 
and  bright,  those  of  9*  are  deeply  striated  parallel  to  the  edge 
<p.A0*y  and  those  of  B.  parallel  to  the  longest  diagonal  of  the 
rhomb.  Rounding  of  the  planes  of  three  rhombohedrons  S*, 
<p.^y  8.  into  one  another  is  common.  ...  In  some  crys- 
tals, again,  the  rhombohedron  <p  is  absent,  and  the  crystal  is 
made  up  of  only  the  forms  ^.,--4R  and  S«,— iR."  A  typical 
crystal  is  shown  in  figure  39,  which  is  copied  from  figure  4, 
plate  29,  of  Farrington's  paper. 

12.  PabUcatioi»«f  theFieldColuna>UnMuMuin.G«oLS«rifl^voLII.No.7.p.288,lMa 


480 


University  Oeological  Harvey  of  Kansas. 


Type  6.  w:  +  fR»;  P.,+R;  b,ooR;  K:  +  R»;  ??;  (S.,-iR). 

Medium-sized  crjstals  of  an  amber  color  (fig.  40)  with 
crystals  of  pjrite  as  inclusions  arranged  parallel  to  the  faces 
of  the  crystal  and  studded  over  the  surface,  the  latter  occa- 
sionally in  stalactitic  groups.  Very  frequently  the  pyrite  is 
on  the  surface  of  the  lower  part  of  the  crystal,  while  in  the 
upper  part  it  is  present  as  inclusions.  Obtained  in  a  cave  at 
the  Nickel  Plate  minOi  one  and  one-half  miles  east  of  Aurora. 
Thanks  are  due  Supt.  F.  H.  Brinkerhoff  and  Mr.  J.  H.  Roby, 
who  kindly  allowed  access  to  the  cave.  The  low  scalenohe- 
dron,  w :,  is  usually  the  dominant  form,  but  occasionally  the 
unit  rhombohedron  p-  takes  its  place.  Measurements  as  fol- 
lows serve  to  identify  the  forms  : 


Cbtvtal. 

Anffle. 

No.  1. 

p.  Am. 

No.  1. 

P.Ab 

No.  1. 

K:aK- 

No.  2. 

K:aK:^'' 

No.  3. 

w:aw:^ 

No.  3. 

w:aw:^ 

No.  4. 

w:  AW:^ 

No.  4. 

w:aw:^ 

NoLOf 

tatmMwn- 

nMnU. 

10riA4041 

4 

IOIIaIOTO 

3 

3131a3T21 

2 

2131a321T 

3 

3 145 a4 135 

2 

3145a3415 

1 

3145a4T35 

1 

3145a3415 

2 

Averaffe. 


31"  49' 

45  0 
35  52| 

46  50 
15  15 
51  30 
15  30 
49  0 


OalcnUtod. 


31°  lOJ' 

45  23| 

35  36 

47  It 

16  0 

49  23 

16  0 

49  23 


Type  7.  P.,+R;  e: +iR5  ;  K:,  +  R';  F:,+Rf;  m.,  +  4R; 
n.,+5R;  9^.,-2R;  i?.,-|R;??. 

Clear,  colorless  crystals  of  medium  size,  often  flattened 
parallel  to  the  p-  faces ;  from  the  Elizabeth  mine  east  of 
Leadville  hollow,  Joplin.  Figure  41  represents  a  typical 
crystal.  The  faces  of  the  unit  rhombohedron  p*  are  dull,  and 
on  their  surface  may  be  seen  the  etch-pits  described  in  the 
list  of  the  forms,  e:  appears  as  bright  faces  though  striated 
in  the  direction  of  its  longer  or  acute  polar  edges.  K:  has 
its  usual  appearance,  and  is  marked  by  indistinct  growth  fig- 
ures and  etch-pits.  F:  is  very  dull,  with  indentations  of 
irregular  form,  and  is  in  oscillatory  combination  with  p*.     m- 
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has  the  etch-pits  as  shown  in  figure  26.  17.  is  characterized 
by  curved  striations.  The  other  forms  are  subordinate,  and 
may  be  dismissed  without  further  remarks.  Contact  twins 
with  S-,— iR  as  the  twinning  plane  are  frequent  with  this 
type  of  calcite.  Following  are  the  measurements  made  on 
crystals  of  this  type  : 


Cbystau 

Anffle. 

No.  of 
measure- 
ments. 

ATenfftt. 

CUeuIated. 

No.  1. 

p.  Am. 

10T1a4041 

3 

30° 

60' 

31°  2^ 

No.  1. 

P-aK: 

10riA4041 

1 

29 

30 

29  02 

No.  1. 

PAH. 

10T1a5051 

2 

33 

15 

33  66 

No.  1. 

F:aF:V 

4151a5I41 

2 

17 

30 

18  07 

No.  2. 

e:Ae:^ 

4156a45I6 

1 

65 

00 

54  07 

No.  2. 

erA®'.^ 

4156a5146 

1 

13 

30 

13     3J 

No.  3. 

eiA©:^ 

4156a4oT6 

2 

54 

66 

64  07 

No.  4. 

ip.  /s,rj' 

0221a0445 

1 

25 

00 

24  40 

No.  5. 

F:aF:i 

4153a4613 

1 

78 

30 

78  06 

No.  6. 

e:A©:^ 

41 56  a4  oil) 

2 

54 

55 

54  07 

Type  8.    2:., -IIR;  s^., -2R;   -|R:S.-iR. 

Small  amber  crystals,  averaging  about  2  cm.  in  length, 
from  Crystal  Palace  mine,  west  of  Joplin.  The  three  com- 
binations given  above  intergrade.  They  may  be  designated 
as  a  single  type.  The  faces  of  £.  have  on  them  indistinct 
vertical  striations,  while  those  of  ^*  are  occupied  by  minute, 
slightly  elevated,  etch-hills  of  triangular  shape,  the  apex  of 
the  triangle  being  directed  toward  the  edge  ^^A^'S^^  shown 
in  figure  44.  Figures  42  and  43  illustrate  the  type.  The 
following  measurements  were  made  • 


Anffle. 

No.  of 
measure- 
ments. 

Averasre. 

Calculated. 

f'A-' 

0221a0.11.11.1 

4 

22°  07' 

21°  37' 

f  A-« 

0221a0-11.11.1 

3 

22  22 

21  37 

^'A-' 

0445A0.11.ri.l 

3 

46  10 

46  27 

3-A^'- 

0112a0.11.11.1 

2 

58  30 

58  29 
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Typ«9.   K:,+R»;  ^,-4R;  t:,+iR«;  S.,-iR;  m- ;  +4R; 
(s^., -2R);  P.,+R). 

Medium-sized  crystals  of  a  deep  amber  color,  from  the 
Blaikie  No.  2  mine.  A  typical  crystal  is  shown  in  figure  45. 
The  faces  of  ^'  which  occurs  only  on  this  type  are  dull  and 
rough,  and  are  characterized  by  etch-pits  of  a  triangular  or 
deltoid  shape,  as  in  figure  31.  t :  is  striated  parallel  to  its  in- 
tersection edge  with  S*.  K  : ,  the  dominant  form,  has  its  sur- 
face occupied  by  growth  figures  as  exhibited  in  figure  46. 
The  other  forms  are  subordinate.  Measurements  as  follows 
were  used  in  the  identification  of  the  forms : 


Cbtstai. 

Anffle. 

Naof 
menta. 

ATenge. 

fiaLiil»tffHf 

No.  1. 

X*  /^i. 

0887a8087 

6 

80°  20* 

80»46' 

No.  2. 

t:At:' 

2134a3124 

2 

40  20 

41  65 

No.  2. 

t:At:^ 

2134a3T24 

1 

21  00 

20  36i 

No.  4. 

?•  A^' 

0221 a0887 

3 

15  05 

14  43 

No.  4. 

?•  A^' 

01I2a0887 

6 

22  38 

22  09 

Type  10.    K:,+R»;  P-,+R;  0,OR:(K:-h|R)  ;??. 

Large  amber-colored  crystals  from  the  ore  body  overlying 
the  Roach  cave  in  the  western  part  of  Joplin.  Small,  color- 
less crystals  from  the  John  Jackson  mine,  Ghitwood  hollow, 
Joplin,  may  also  be  referred  to  this  type.  On  the  single  crys- 
tal (figure  47)  obtained  from  Mr.  James  Roach,  the  basal 
plane  is  roughened  by  triangular  etch-pits,  and  the  faces  of 
the  unit  rhombohedron  p*  are  smooth  and  bright.  The  small, 
colorless  crystals  from  the  John  Jackson  mine  have  dull  faces 
of  the  unit  rhombohedron  p*,  while  the  basal  plane  o  exists 
as  a  pseudo-face  made  up  of  minute  projecting  points  with  the 
faces  of  the  unit  rhombohedron.  K :  occasionally  truncates 
the  longer  or  obtuse  polar  ekge  of  K  :,+R'. 

Type  11.   0,0R;  f.,-2R. 

Small,  flat,  colorless  crystals  from  Aurora,  f.  is  recognised 
by  the  fact  that  the  cleavage  rhombohedron  truncates  its  polar 
edges.     Figure  48.     No  measurements  were  made. 
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Typb12.  p.,+R;  t:+iR«;  K.,-R;  (^.,-2R)  ;   (17.,-IR)  ; 
(m.,+4R)  ;   (b,«R). 

Small,  colorless  crystals  from  the  mines  of  the  Spring  River 
Mining  Company,  west  of  Galena,  and  small  to  medium-sized 
ones  from  the  Big  Six  mine,  Ghitwood  hollow,  are  referred 
to  this  type,  though  the  subordinate  forms  are  not  exactly  the 
same  on  the  crystals  of  the  two  localities.  All  the  faces  are 
bright  except  those  of  K*— R.  t:  is  striated  in  the  direction 
of  its  acute  polar  edges.  Figure  49  represents  a  crystal  of 
this  type.     The  following  measurements  were  made : 


Crystaj^. 

Axiglm. 

No  of 
measure- 
ments. 

CUeiiUt.d. 

NO.O. 

t:At:' 

2134a23T4 

5 

41'  55' 

41*  55' 

No.O. 

t:At:' 

2134a3T24 

5 

20     7 

20  36 

No.  0. 

t:AS. 

2134a01T2 

4 

21     1 

20  574 

No.  1. 

:t:At:' 

2134A23r4 

1 

42     0 

41  55 

No.  1. 

P- aK. 

IOTIaHIT 

4 

90  52 

90  48 

No.  1. 

S-aK. 

0ir2A0lTl 

2 

16  30 

18  21 

Type  13.  f.,-2R;  I-,-5R;  S.,~iR;  (D.,-iR)  ;  (0,0R). 

Medium-sized  crystals  of  light  amber  color,  with  the  first 
three  mentioned  forms  (in  a  few  cases  &•  is  lacking) ,  occur  at 
the  Homestake  mine,  Granby,  and  at  the  Pelican  mine,  Jop- 
lin.  Small,  colorless  crystals  with  the  forms  J*  1  Oj  ^^^  D* 
are  quite  common  at  the  Aurora  mines.  The  faces  of  these 
crystals  are  rounded,  and  the  combination  edge  ^•aZ*  ^^  ^^^ 
well  defined.  Figure  50  illustrates  crystals  of  this  type. 
Some  of  the  measurements  made  on  these  crystals  are  as 
follows : 


Crtstal. 

Anffle. 

No.  of 

measure- 

monts. 

OiileuUt.d. 

No.  1. 

9*'  Aj_* 

0221a0551 

6 

15"  18* 

15°  25' 

No.  2. 

D.  aD.i 

01T4aT014 

3 

23  45 

23  56 

No.  3. 

?•  AV- 

01T2a0221 

1 

38  30 

36  62 

No.  4. 

f'  A_L' 

0221a0551 

3 

16  10 

16  25 

No.  5. 

^.  /\T. 

0221 a05 6 1 

2 

15  53 

16  26 
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Type  14.  K:,+R«;  p-,+R;  S.,-J^R;  e.,+}R;  D.,-iR; 
d., +iR;  O,  OR;  ??. 

Small,  colorless  crystals  from  the  Mascot  mine,  Oranby. 
The  presence  of  the  low  rhombohedrons  is  of  interest,  for 
such  forms  are  of  rare  occurrence.  Their  intersection  edges 
are  not  sharp.  The  determination  of  d*  rests  upon  the  fact 
that  it  truncates  the  polar  edges  of  S-,  as  no  measurements 
were  possible  on  account  of  its  small  size  and  dull  surface, 
e*  is  a  subordinate  form  and  is  only  found  on  crystals  of  this 
type.  D-  appears  as  very  small  faces.  The  crystals  of  this 
type  are  illustrated  in  figure  51.  Following  are  some  of  the 
measurements  made : 


Cbtbtal. 

Anffle. 

No.  of 

measure- 

ments. 

ATeraff«. 

Cidcalated. 

No.  1. 

e-AP- 

2025a1011 

3 

24-  5' 

23°  5' 

Type  15.  w:,+|R";  K.,-R;  P-,+R;  s»-,-2R;  m-,+4R; 
b,  ooR;  S., -JR;  K-,+R'. 

Large,  light  amber  crystals  with  amethystine  tints,  from 
the  Elizabeth  mine,  Joplin,  are  designated  as  type  15.  The 
dominant  form,  w:,  has  its  faces  roughened  with  striations 
parallel  to  its  acute  polar  edges.  The  negative  unit  rhombo- 
hedron  is  very  dull,  p*  has  the  characteristic  etch-pits  as 
shown  in  figure  27.  On  the  faces  of  m-  are  etch-pits  as  ex- 
hibited in  figure  52.  An  average  crystal  is  represented  in 
figure  53.  The  forms  were  identified  by  the  following  meas- 
urements : 


Crystal. 

Anffle. 

No.  of 
measure- 
ments. 

Average. 

Cideulated. 

No.  1. 

w:  AW:^ 

3141a34T5 

3 

47°  40' 

49°  23' 

No.  1. 

w:aw:^ 

3145a4I35 

3 

16  60 

16  00 

No.  1. 

p.  aK. 

IOIIaIOTT 

2 

89  15 

89  13 

No.  1. 

m.  aK. 

4041a1011 

1 

59  30 

59  S^ 

No.  2. 

p.  A"!. 

10riA40ll 

1 

32  00 

31  lOJ 

No.  2. 

p- Ab 

IOIIaIOTO 

3 

45  43 

45  23| 

No.  2. 

<p'  Ab 

0221a10T0 

4 

27   10 

26  53 
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Typk  16.    b.,0DR;  K:,R':S.,-iR;  9',-2R;   (D:, -^R) 

Medium-sized  crystals  of  amber  color  from  Aurora  ar< 
designated  as  this  type.  The  dominant  form  is  the  unii 
prism  b*.  Two  undetermined  scalenohedrons  occur,  one 
modifying  the  intersection  edge  of  K :  and  b*,  and  the  other 
beveling  the  polar  edges  of  ^.  These  same  scalenohedrons 
occur  on  crystals  of  the  other  types  from  the  same  locality. 
Figure  54  represents  a  crystal  of  this  type. 

Type  17.    b,  ®R;  8*,  -JR;  a,  ®p2;  ly.,  -|R;  ??. 

Small,  colorless  crystals  from  the  Gracie  Clark  mines.  The 
unit  prism  b*  is  the  dominant  form.  The  crystals  are  usually 
etched  with  grooves  which  are  the  traces  of  the  cleavage 
planes  on  the  crystal  faces.  No  good  measurements  were 
possible  with  the  reflection  goniometer,  and  they  are  too 
small  for  the  contact  goniometer  to  be  used.  These  crystals 
are  represented  by  figure  55. 

Type  18.    t:,+iR;  K:,+R»;   ^•,~2R;  S-.-iR;  m.,+4R. 

Large,  amber-colored  crystals  from  Granby,  illustrated  in 
figure  56.  The  crystals  of  this  type  are  very  much  etched, 
though  nothing  definite  can  be  made  out  concerning  the  etch- 
figures.  99*  is  less  affected  than  the  other  forms.  Measure- 
ments are  as  follows : 


Anffle. 

measur.- 
menta. 

Avenure. 

Calcolated. 

t:At:' 

2134a3T24 

3 

21°  40* 

2(r36' 

t:At:« 

2134A23r4 

1 

42     0 

41  55 

K:aK:i 

2131a23T1 

1 

76     0 

75  22 

K:aK:^ 

2131a3I21 

1 

37     0 

35  36 

S'A9' 

01T2a0221 

1 

38     0 

36  52 

f.  ADO* 

0221a4041 

3 

42  30 

41   16 

Type  19.    *.,-14R;   A-,-lR;  S.,-JR;   S.,-iR;  0,0R. 

Medium  to  small  size  crystals  of  amber  color  from  the  Mas- 
cot mine,  at  Granby.  The  forms  *.  and  A*  occur  only  on  this 
type.     Their  intersection  edge  is  not  well  defined,  the  faces 
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of  the  vertical  zone  merging  gradually  into  each  other.  Only 
a  few  crystals  of  this  type  were  found.  Figure  57  illustrates 
crystals  of  the  type.     Measurements  are  as  follows : 


Anffle. 

Naof 

meuara- 

mantt. 

OBlcalated. 

S-aA- 

01T2a0772 

3 

47°  (y 

47°  40-   . 

S.A*. 

0lT2A0.14.n.l 

6 

59  48 

59  36^ 

A-A*- 

0772aO-14.14.1 

4 

11  30 

12      J 

Type  20,  m-,  +R;  b,  cdR;  e:,  iB^;  S—JR;  ly-,  -jR; 
p., +R;  K:,  R». 

Small,  clear,  colorless  crystals  from  the  Gracie  Clark  mines, 
illustrated  in  figure  58.  This  is  the  only  type  of  crystals  on 
which  m  is  the  dominant  form.  The  faces  are  bright  and 
highly  polished,  with  the  exception  of  i?*  which  is  dull,  on 
account  of  minute  etch-points.  The  appearance  of  this  form 
is  different  from  the  usual  one  with  its  rib-like  striations. 
Measurements  were  made  as  follows : 


AnffK 

Naof 

measure- 
ments. 

Average. 

Cleulated. 

m^  Ab 

4041a1010 

4 

14°  54' 

14°  13' 

Type  21.    S-,  -|^R. 

Small,  colorless  crystals  from  the  Portland  mine,  Leadville 
hollow,  Joplin.  This  type,  of  which  only  a  few  crystals 
were  found,  consists  of  the  single  form  S*  as  illustrated  in 
figure  69.  The  form  is  identified  by  the  fact  that  it  trun- 
cates the  cleavage  rhombohedron. 

Type  22.  K:,+R';  e:,+J^R|;  p%+R;  m.,+4R;  S.,-|^R; 
)?.,  -fR  n..  +5R;  ^.,  -2R;  b,  ooR. 

Medium-sized,  amber-colored  crystals  from  the  Gracie  Clark 
mines.  This  most  nearly  resembles  type  2,  but  as  some  of 
the  forms  are  different  and  the  localities  widely  separated 
they  are  designated  as  a  separate  type.  The  surface  of  K : 
is  marked  with  growth  figures  of  the  kind  so  commonly  ob- 
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served  on  faces  of  the  same  form  of  type  9.  Deep  etch-pits 
of  the  form  shown  in  figure  33  are  frequent,  e :  is  dull  and 
often  in  oscillatory  combination  with  p*.  p*  is  very  much 
etched.  The  surface  of  m«  has  etch-pits  of  steep,  triangular 
shape.  9*  and  S-  appear  as  smooth  faces.  Figures  60  and 
71  represent  crystals  of  the  type.  The  following  measure- 
ments serve  to  identify  the  forms : 


QnSTAL. 


No.  1, 
No.  1. 
No.  1. 
No.  1. 
No.  1. 
No.  1. 
No.  1. 
No.  1. 
No.  1. 
No.  2. 
No.  3. 
No.  3. 
No.  4. 


S'Ab 
p- Am. 

e:A6:^ 
e:Ae:' 
K:aK: 

KAb 
Kaqi* 

S- A?' 
S.  A7« 
^•Af* 


It*,  at 

mtumn- 
BMnU. 

Avenfftt. 

0221a10T0 

4 

2T  11' 

oir2Aioro 

6 

63  63 

I oil a4 041 

5 

31  36 

41 5 6 a5 146 

6 

13  14 

4156a45T6 

6 

64  32 

2131 a2 311 

6 

76  46 

6 

11  00 

5 
6 
3 

21  36 

8  11 

36  33 

01T2a0221 

0ir2A0445 

4 

12  30 

0445a0221 

4 

24  60 

0221a5051 

4 

37     2 

GaleuUted. 

26*53' 

63  46 
31  10| 
13  Si 

64  7 
76  22 
10  36 
22  4 

7  61 

36  62 
12  2 
24  60 

37  21 


Ttpb23.  ?>., -2R;  K:, +R»;  t:,  +JR»;  S., -JR;  m., +4R. 

Small,  amber-colored  crystals,  invariablj  twinned  (0,  OR) 
and  usually  flattened  in  the  direction  of  one  of  its  lateral  axes, 
which  makes  one  of  the  ?•  faces  larger  than  the  others.    Figure 
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62  represents  a  twinned  crystal.     Measurements  with  the 
contact  goniometer  are  as  follows : 


Cbtvtau 

Aacb. 

Naof 

mearare- 

mcnts. 

Avenura. 

Calculated. 

No.  1. 

K:aK:» 

2131 a3T21 

I 

36°  20- 

35»36' 

No.  I. 

9-  f\9' 

0221 a220T 

3 

54  10 

53  46 

No.  1. 

S-  A?' 

01T2a022T 

38  30 

36  52 

No.  1. 

t:At:' 

2134a3T24 

22  30 

20  36| 

No.  2. 

t:At:« 

2134a23U 

42     0 

41  55 

No.  0. 

S'A?' 

01T2a0221 

37     0 

36  52 

No.  0. 

K:aK:» 

2131a3T21 

36  30 

35  36 

Type  24.    K:,+R»;  v-, -fR;  (v^-, -2R). 

Small  to  medium-sized  crystals  ef  deep  amber  color,  from 
Jasper  county,  exact  locality  not  given.  Figure  63.  K  :  is 
the  dominant  form,  y*,  ordinarily  subordinate,  sometimes 
becomes  very  prominent.  The  faces  and  the  edges  are  much 
rounded.  Crystals  of  the  type  studied  were  two  medium- 
sized  ones  and  a  group  of  small  ones  in  the  Egleston  Miner- 
alogical  Museum  of  Columbia  University,  New  York  city. 
^«  was  recognized  by  the  fact  that  it  truncates  the  acute  polar 
edges  of  K : .  Measurements  with  the  contact  goniometer 
are  as  follows : 
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75  30 

76  22 

K:aK:v 
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1 

36  30 

35  36 
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TWINNING. 

The  calcites  of  the  district  are  twinned  according  to  the 
four  laws  known  for  calcite,  the  twinning  planes  and  com- 
position faces  being,  (1)  0,0R;  (2)  S.,-iR;  (3)  p-,+R; 
(4)  ^•,--2R.  Of  these,  the  first  two  are  much  more  common 
than  the  other  two. 

Twins,  according  to  the  first  law,  were  observed  on  crystals 
of  types  8  and  4  by  Farrington,  and  on  crystals  of  types  2,  3, 
4,  22  and  28  by  the  writer.  Figure  61  gives  an  idea  of  the 
average  development  of  the  twins  of  type  22,  which  are  fairly 
abundant  at  the  Gracie  Clark  mines,  near  Galena.  Twins  of 
type  23,  represented  by  figure  62,  are  from  the  B.  C.  mine, 
west  of  Joplin. 

Twins  in  which  the  twinning  plane  is  S.,— iS  are  not  rare. 

Farrington  mentions  crystals  with  the  forms  K  :,  f.,  S*,  and 
Q.  which  he  does  not  include  in  any  of  his  types,  as  exempli- 
fying this  mode  of  twinning.  Figure  64,  copied  from  Far- 
rington, represents  one  of  these  crystals.  Twin  crystals  of 
type  7  with  the  twinning  plane  S«  are  of  frequent  occurrence. 
A  single  example  of  this  twinning  law  was  observed  on  type 
13,  from  the  Homestake  mine,  at  Granby,  and  on  type  4  from 
Aurora,  the  latter  in  the  collection  of  Mr.  G.  W.  Kane.  At 
the  Elizabeth  mine  a  large  number  of  cleavage  fragments 
twinned  on  S-  were  found.  (Fig.  65.)  Striations  on  the 
cleavage  surfaces  of  calcite  parallel  to  the  shorter  diagonal 
of  the  rhomb  are  commonly  observed.  These  striations  may 
also  be  easily  produced  artificially  by  the  blow  of  a  hammer 
or  other  tool.  Opaque  white  cleavage  pieces  of  calcite  are 
often  found  on  the  dump-piles.  Such,  the  miners  say,  are 
always  found  in  the  vicinity  where  blasting  has  occurred. 
From  the  examination  of  specimens,  it  seems  probable  that 
their  opacity  is  due  to  minute  cracks  produced  by  twinning 
on  S«  and  by  cleavage. 

The  third  method  of  twinning  (twinning  plane  p*,  +  R)  was 
observed  on  a  single  crystal  from  Joplin,  in  the  Bement  col- 
lection at  the  American  Museum  of  Natural  History,  New 
York  citv. 

The  forms  present  are  b,  ooR,  and  S*,  — iR.     The  individual 
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crystals  have  their  vertical  axis  inclined  at  almost  right  angles 

(89^640. 

The  fourth  twinning  law,  in  which  the  twinning  plane  and 
composition  face  is  the  negative  rhombohedron,  ^.y— 2R,  was 
observed  on  two  large,  amber-colored  crystals  from  Joplin,  in 
the  collection  of  Mr.  W.  G.  Kane,  of  Kansas  City,  Mo.,  whose 
collection  of  Joplin  minerals,  both  for  show  and  for  scientific 
interest,  is  one  of  the  finest  in  the  world.  The  dominant 
form  on  these  crystals  is  K  :,+R3,  but  as  the  ends  are  broken 
off,  the  other  forms,  if  any  occurred,  cannot  be  given.  An 
ideal  unmodified  twin  of  this  kind  is  represented  by  figure  66. 

The  color  of  calcite  varies  from  colorless  or  white  to  a  deep 
amber,  though  when  inclusions  are  present,  it  often  assumes 
darker  colors.  A  pale  amethystine  tint  is  common  in  the  in- 
terior of  the  crystals,  and,  sometimes,  this  tint  is  limited  to 
an  interior  phantom. 

Pseudomorphs  of  smithsonite  and  calamine  after  calcite  are 
frequently  found,  being  especially  abundant  at  Granby. 

Calcite  is  one  of  the  latest  minerals  formed.  Of  the  primary 
ones,  barite  alone  follows  it. 

Dolomite;  "Spar." 

CJomposition,  calcium-magnesium  carbonate,  (CaMg^)C08:  Ca,  32-26%; 
Mg,  19-35%;  C\  9-67%;  0,  38-70%.  Hardness,  3-5-4;  gravity,  2-8-2-9; 
color,  white,  varying  to  pink,  green,  brown,  gray,  yellow;  crystallization, 
rhombohedral;  cleavage,  rhombohedral. 

Observed  forms  :     p-  ( 10 1 1 )  +  R. 

The  mineral  dolomite  almost  invariably  exists  as  crystals 
with  curved  faces  of  the  rhombohedron.  The  curvature  of 
the  faces,  as  in  many  other  minerals,  is  due  to  the  fact  that 
the  sub-individuals,  which  make  up  the  crystal,  are  only  in 
approximately  parallel  positions,  as  may  be  seen  on  close  ex- 
amination of  the  crystals.  The  color  of  the  crystallized  dolo- 
mite varies  from  white  to  various  shades  of  a  pale,  delicate 
pink,  the  latter  color  being  the  more  frequent  one. 

A  gray,  granular,  crystalline  dolomite  is  of  common  occur- 
rence. Frequently  well-formed  crystals  of  a  light  gray  color 
are  found  embedded  in  a  dark,  siliceous  matrix,  as  at  the 
Tennessee  Prairie  mines^  south  of  Galena. 
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The  pink  color  of  the  dolomite  is  evidently  due  to  a  small 
amount  of  ferrous  carbonate,  for  specimens  which  have  been 
exposed  to  the  atmosphere  for  a  long  period  of  time  are  almost 
invariably  stained  a  lighter  or  darker  brown  color. 

Pseudomorphs  of  smithsonite  and  calamine  after  dolomite 
are  of  frequent  occurrence,  especially  at  Granby. 

Dolomite  is  one  of  the  earlest  minerals  to  be  formed.  It  is 
contemporary  in  origin  with  sphalerite  and  galena. 

Smithsonite;  "Carbonate.'' 

Ck>mposition,  zinc  carbonate,  ZnCOs:  Zn,  51-78%;  C,  9-50%;  0,  38-40%. 
Hardness,  5;  gravity,  4-3-4-5;  color,  white,  often  grayish,  greenish,  brown- 
ish; crystallization,  rhombohedral;  cleavage,  rhombohedraL 

Observed  forms  :    p.(1011)+R;  sp.(0221) -2R. 

The  only  well-defined  crystals  observed  were  small  ones 
with  these  two  forms.  The  crystals  are  almost  invariably 
rough  and  much  curved.  Two  general  varieties  may  be  dis- 
tinguished :  the  one,  long  crystals  with  steep  rhombohedral 
faces  terminated  by  those  of  a  low  rhombohedron  ;  the  other, 
short  crystals  with  the  faces  of  a  low  rhombohedron.  Bot- 
ryoidal,  mammillary  and  stalactitic  forms  are  common,  often 
lining  cavernous  interiors. 

Pseudomorphs  after  calcite  and  dolomite  are  frequently 
found  at  Granby,  the  calcite  crystals,  when  their  forms  can 
be  recognized,  being  those  of  type  13.  At  Granby  are  found 
masses  of  smithsonite,  pseudomorphous  after  calcite,  only 
the  cleavage  cracks  of  the  latter  giving  a  clue  to  former  ex- 
istence of  the  calcite.  Figures  of  such  'pseudomorphs  are 
given  on  plate  XXII,  vol.  VII,  of  the  Missouri  Geological 
Survey.  Large  calcite  crystals  coated  with  calamine  have 
been  replaced  by  smithsonite,  the  calcite  completely,  the 
calamine  only  partially,  some  of  the  unaltered  mineral  re- 
maining unchanged. 

In  color,  smithsonite  ranges  from  white  to  black ;  gray, 
yellow,  bluish  and  brownish  colors  being  very  common.  The 
prominent  localities  are  Granby  and  Aurora.  In  Kansas 
smithsonite  is  found  in  several  mines  in  Empire  City,  while 
it  also  occurs  at  a  mine  south  of  Galena. 
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CeriMitit*^;  "DkyBone." 
Composition,  lead  carbonate,  PbCO>:  Pb,77-B2%;  C,  4-48%.    HanJneas, 
3-3-35;  gravity,  6-46-6-48;  cslor,  whit«,  gnj,  varying  through  shades  of 
blue  and  green;  crystallization,  orthorhorobici  cleavage,  priamatic 

Observed  forms:    b(001)OP;  c(010)»P»;  a{100)»P»; 
d(130)«P3;     mlUO)»P;     i(012)iP"  ;    jr(0-21)2P" ; 
r(031)3P";  i'(102)ir'";  S{n2)iP;  ^(lll)P. 

The  following  diagram  shows  (he  distribution  of  forms  on 
the  crystals  measured : 
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The  brachypinacoid  c(OlO),  which  is  universally  present, 
is  always  horizontally  striated.  Figures  67  and  38  represent 
two  ceruBsite  crystals,  the  first  of  which  is  a  very  usual  com- 
bination. 

Twins  are  very  common,  the  twinning  plane  being  the  unit 
prism  m(llO).  They  are  often  repeated,  giving  siz-angled 
stellate  groups.  Twin  crystals  of  cerussite  with  d(130)<BP3 
as  the  twinning  plane,  are  mentioned  by  Pirsson  A  Wells" 
from  Granby. 

Cerussite  occurs  as  pseudomorphs  after  galena  and  calcite, 
the  latter  being  found  only  at  Granby. 

It  usually  occurs  as  small  crystals  in  cavities  formed  by  tha 
decomposition  of  galena,  also  in  white  fibrous  masses  and 
earthy  forms. 

The  color  varies  from  white  to  various  shades  of  yellow, 
green,  and  brown.     Black  crystals  are  often  noticed. 

11.  Amu.  Jour.  ScL.  tt  W.  p.  219  (1894). 
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Malachite. 

Composition,  hydrous  copper  carbonate,  CuC08,Cu(0H)s:  Cu,  57*52%;  C, 

5-43%;  H,  0-90%;  0,  36-20%.  Hardness,  8.5-4;  gravity,  3-9-4;  color,  bright 
green;  crystallization,  monoclinic;  cleavage,  basal,  highly  perfect,  clino- 
diagonal,  less  distinct;  angle,  B  =  61^  5(/. 

Malachite  is  never  observed  here  in  crystals  but  always  as  a 
massive  material,  sometimes  fibrous  crystalline  in  structure. 
It  is  widely  distributed  throughout  the  district  and  is  com- 
monly associated  with  other  copper  minerals.  Occasionally 
it  is  found  as  a  thin  coating  on  chalcopyrite  crystals.  At  the 
Big  Coon  mine,  at  Galena,  it  surrounds  massive  cuprite,  evi- 
dently being  formed  from  the  latter.  It  also  coats  the  covel- 
lite  pseudomorphs  after  sphalerite  found  at  the  same  mine. 

Azorite. 

Composition,  2CuC08,  Cu(0H)2:  Cu,  56-65%;  C,  7.19%;  H,  0.60%;  0, 
35.28%.  Hardness,  3*5-4;  gravity,  3.7-3.8;  color,  blue;  crystallization, 
monoclinic;  cleavage, . 

■ 

Azurite  is  one  of  the  rarest  minerals  of  the  district.  The 
author  has  only  seen  a  single  specimen  that  has  been  posi- 
tively identified  as  this  mineral.  Linarite  resembles  it  very 
much,  especially  in  color,  but  is  easily  distinguished  from 
it  by  chemical  tests. 

Auricbalcite. 

Composition,  2(CuZn)C0«  3(CuZn)(0H)j:  Cu,  39-86%;  Zn,  40-80%;  0, 
16-07%;  C,  3-01%;  H,  0-25%. 

The  crystallography  of  auricbalcite  has  never  been  com- 
pletely worked  out.  Even  the  crystal  system  to  which  it  be- 
longs is  in  doubt.  Belar^^,  who  first  described  the  crystals, 
refers  it  to  the  monoclinic  system  with  B=90°,  and  gives  its 
partial  axial  ratio  a  :  b  :  c  =  1 :  x  :  0«7208.  D'Achiardi"  puts  it 
in  the  monoclinic  system  with  B  =  84°15';  b  :c  =  l :  1*6574. 
Caesars"  concludes  that  the  crystals  described  by  him  belong 
to  the  orthorhombic  system  with  a  tendency  to  pyramidal 
hemihedrism. 

The  crystals  studied  by  the  author  are  monoclinic  and  the 

14.  BeUr:  Zeit.  of  Kryst  u.  Min.  17.  pp.  118-122, 1889. 

15.  D'Achiardi:  Atti.  delle  Soc.  Lose,  di  Scienze  Natural!  Pisa.  Memorie.  16»  1897.  pp.  1-16; 
Abst.  Nenes  Jahr.  f.  Min..  1896.  1.  p.  439.  Ref. 

16.  Csesars:  Mem.  de  L'Academie  Royal  des  Litt.  et  de  B-A.  de  Belffique.  63,  pp.  180-182. 1898. 

33-viii 
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angle  B  is  not  90^,  which  results  agree  with  those  of  D'Achi- 
ardi,  though  the  angle  could  not  be  measured.  Three  facts 
point  to  this  conclusion  :  (1)  The  extinction,  though  appar- 
ently parallel  in  some  cases,  is  in  a  great  many  crystals  ob- 
lique ;  (2)  unequal  development  of  dome  faces  is  too  often  to 
be  merely  the  result  of  accident ;  (3)  measurements  of  the 
interfacial  angles  of  dome  faces  show  them  to  be  hemiortho- 
domes,  and  hence  its  crystals  are  monoclinic. 

The  crystals  occur  in  radial  aggregates  showing  free  ends. 
They  are  tabular  parallel  to  the  clinopinacoid  (010) .  Three 
positive  and  three  negative  hemiorthodomes  were  observed. 
As  the  angle  B  is  so  nealy  90^,  they  appear  as  three  macro- 
domes  of  the  orthorhombic  system.  Three  kinds  of  crystals 
were  found,  as  represented  in  figures  69,  70,  and  71.  The 
following  results  of  measurements  under  the  cross-hairs  of  a 
microscope  show  clearly  the  monoclinic  character  of  the  crys- 
tal ;  the  results  are  the  means  of  several  measurements : 
x  =  15^40';  y  =  14°45^  x'  =  32°7';  y'  =  29°  8^  x''=42°  28^ 
y''  =  40°  11'.  The  crystal  represented  in  figure  81  is  of  the 
most  frequent  occurrence.  No  symbols  can  be  obtained  for 
these  dome  faces  if  we  assume  Belar's  ratios.  D'Achiardi's 
original  paper  was  not  at  hand.  If  the  domes  in  figure  81  are 
assumed  to  be  (101)  and  (101),  then  the  others  are  (203), 
(203),  (103),  and  (103).  Besides  these  forms  the  basal 
pinacoid  often  occurs,  but  as  it  is  small  and  its  combination 
edge  with  the  dome  faces  rounded,  no  measurements  were  pos- 
sible. Thus  the  angle  B  and  the  axial  ratios  could  not  be  ob- 
tained. A  prism,  presumably  the  unit  one,  occurs,  but  no 
measurements  of  it  were  possible  on  account  of  the  thinness 
of  the  crystals. 

The  mineral  as  here  described  is  from  the  Big  Coon  mine, 
Galena,  where  it  is  associated  with  cerussite,  linarite,  caledo- 
nite,  malachite,  chalcopyrite,  and  sphalerite.  Chrysocolla, 
cuprite  and  covellite  also  occur  at  this  mine. 

Aurichalcite  has  long  been  known  from  Granby,  where  it 
occurs  in  globular  aggregations  of  the  usual  bluish-green 
color.  The  crystals  are  not  as  perfectly  developed  as  those 
from  Galena.  Figure  72  gives  an  idea  of  their  form.  The 
face  on  the  upper  end  of  the  crystal  from  the  horizontal  line 
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to  the  ragged  free  edge  perhaps  represents  a  clinodome,  as 
the  extinction  is  not  quite  parallel  to  the  vertical  edges. 
These  crystals  are  quite  like  some  from  Beaverhead  county, 
Montana. 

No  chemical  analyses  were  made,  owing  to  lack  of  sufficient 
material.  Penfield's  research ^Meaves  nothing  to  be  desired 
as  to  the  composition  of  the  mineral,  the  formula  for  which 
he  gives  as  2(CuZn)C0,  3(CuZn)  (OH),. 

Hydrozincite;  "Whtie  Jack." 

Hydrozincite  has  only  been  found  at  one  locality  (Granby) 
by  the  writer,  though  it  is  mentioned  from  other  points  of  the 
district  by  previous  observers.  It  occurs  as  a  dull  white 
amorphous  incrustation,  associated  with  calamine  and  smith- 
sonite,  often  as  a  layer  between  the  two.  Frequently  it  as- 
sumes a  mammillary  or  stalactitic  form  made  up  of  concentric 
layers. 

An  average  of  two  analyses  of  hydrozincite  from  Granby, 
made  by  Mr.  Edgar  B.  Hayes,  gave  the  following : 

SiOa 0.14  Theoretical  for  ZnC08-2Zn(OH)j 

Co2 14.94  13.60 

HsO 12.12  11.10 

ZnO 72.80 75.30 


100.00 


100.00 


Calamine;  ''Sujcate";  "Gray  Jack." 

Observed  forms:    c (001) OP;    a(010)ooPoo;    m(110)ooP; 

e(011)Poo  ;  i(031)3P«  ;  s(101)P«  ;  t(301)3Poo  ;  V(12)2P2. 

The  calamine  crystals  are  almost  invariably  flattened  paral- 
lel to  the  faces  of  the  brachypinacoid,  which  is  consequently 
the  dominant  form.  These  faces  are  vertically  striated.  Oc- 
casionally a  crystal  is  found  which  exhibits  both  analogous 
and  antilogous  poles.  The  following  diagram  will  serve  to 
illustrate  the  distribution  of  forms  on  the  different  crystals 
examined : 
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17.  Penfield:  Amer.  Jour.  Sci,  voL  41  (3),  pp.  106-109. 1891. 
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Pyromorphite  is  pseudomorphous  after  galena,  usually  in 
crust-like  masses,  with  parts  of  the  cubic  outlines  visible, 
though  at  times  the  form  of  the  pseudomorph  is  that  of  a  com- 
plete cube.  At  Lone  Elm  pyromorphite  occurs  in  botryoidal 
and  stalactitic  forms  coated  with  cerussite  crystals.  Occa- 
sionally pyromorphite  pseudomorphs  after  cerussite  are  found 
here. 

The  localities  are  Lone  Elm,  Joplin,  Granby,  several  lo- 
calities around  Oalena,  at  one  mine  in  the  Roaring  Springs 
district,  and  also  east  of  Duenweg. 

Barite;   "Tiff";  "Crystaluzbd  Zinc." 
Observed  forms:   c (001) OP;   m(110)ooP;  a(100)ooPa>; 
d(102)iPoD  ;  u(101)P«. 

Barite  occurs  in  tabular  crystals  flattened  parallel  to  the 
basal  plane.     Occasionally  small  phantom  crystals  are  found. 

The  massive  dendritic  variety  so  common  in  the  lead  re- 
gion of  southeastern  Missouri  has  been  found  at  a  few  places 
in  the  district. 

In  color  the  barite  varies  from  colorless  or  white  to  the 
bluish  green  so  common  for  this  mineral,  a  pale  tint  of  the 
latter  being  the  usual  color. 

Anglesite. 

Observed  forms:   c(001)OP;   b(100)ooPoo;  m(110)»P; 

O(011)Poo  ;    ^(104)iPoo  ;    d(102)JLPoo  ;    y(112)P2. 

Crystals  of  anglesite  with  the  following  combinations  of 
forms  were  found  at  Galena:  (1)  0,m,  y,  c,  b  (figure  75)  ; 
(2)  m,  d  (figure  76)  ;  (3)  m,  1  (figure  77).  The  reflections 
were  not  in  all  cases  good,  but  were  sufficient  to  identify  the 
forms. 

Anglesite  is  a  comparatively  rare  mineral  in  the  district. 
It  was  found  by  the  writer  at  the  Bonanza  ground,  northwest 
of  Galena,  and  at  the  Mitchell  shaft,  on  the  Schermerhorn 
ground,  west  of  Galena. 
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lieadhiUite. 

The  following  description  of  the  mineral  leadhillite,  occur- 
ring at  Granby,  is  taken  from  Pirsson  and  Wells's  paper  in 
the  American  Journal  of  Science  :** 

''The  crystals  occur  in  thick  hexagonal  tables  or  slender 
hexagonal  prisms,  which  are  grouped  together  in  parallel 
position  and  line  cavities  consisting  of  masses  and  crusts 
apparently  pseudomorphous  after  galena.  In  color,  leadhill- 
ite  varies  from  colorless  in  the  smaller  crystals  to  a  clear 
sea-green  in  the  larger  ones. 

''The  crystals,  apparently  simple  hexagonal  prisms,  are 
monoclinic  crystals  consisting  of  the  forms  c (001) OP; 
a, (100)  ooPoo  ;  ^(110)  ooP.  Other  forms  occurring  are  as 
follows  :  e  (201 )  +  2P 00  ;  u  (201)  -  2P ®  ;  q  (414)  +  P4  ; 
u(418)+iP4.  Figure  73  (after  Pirsson  and  Wells)  repre- 
sents one  of  the  simpler  combinations. 

"Twinning  on  the  unit  prism  is  very  common,  and,  in  some 
cases,  it  appears  as  if  the  composition  face  is  the  basal  plane. 

"Cleavage  parallel  to  the  basal  plane  is  very  perfect  and 
easily  produced.  The  luster  of  this  face  is  pearly.  The 
hardness  is  nearly  3.  The  specific  gravity  is  6.54.  Etch- 
figures  produced  on  the  cleavage  plates  by  very  dilute  nitric 
acid  show  monoclinic  symmetry.  The  chemical  composition, 
which  until  this  time  had  been  somewhat  doubtful,  is  de- 
termined by  the  following  analysis : 

Calculated  for 
Found.  Ratio.         4PbO-2C02-S08-H20 

SOa 7.33  7.33  7.53 

COa 8.14  2.02  8.29 

PbO 82.44  4.04  82.49 

HsO 1.68 1.02 1.69 

100.00  100.00                            100.00 

"These  results  show  that  the  mineral  has  the  formula 
PbS04«2PbC08-Pb(OH)2,  which  is  the  composition  suggested 
by  Groth." 

Leadhillite  also  occurs  pseudomorphous  after  galena  and 
calcite,  as  described  by  Foote."  Granby  is  the  only  locality 
for  this  mineral. 

20.  Piraaon  and  Wells :  Amer.  Jour.  ScL,  (8),  XLVm.  pp.  219-226, 1894, 

21.  Warren  M.  Feote :  Asner.  Jour.  3cL  (8)  <.  pp.  99, 100, 1895, 
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Caledonite. 

The  rare  basic  lead-copper  sulphate,  caledonite,  occurs  in 
very  small  quantities  as  a  green  crystalline  coating,  asso- 
ciated with  linarite,  aurichalcite,  and  cerussite  (with  a  little 
unaltered  galena) ,  at  the  Big  Coon  mine,  Oalena.  Heated  in 
the  closed  tube  it  becomes  black  and  gives  off  water.  It  reacts 
for  lead,  copper,  and  sulphuric  acid.  It  is  soluble  in  nitric 
acid,  leaving  a  white  residue  of  lead  sulphate.  This  mineral 
has  been  reported  from  but  two  or  three  other  localities  in  the 
United  States. 

liinarite. 

A  mineral  answering  the  tests  of  linarite  was  found  in 
small  quantities  at  the  Big  Coon  mine,  Galena.  It  is  azure 
blue  in  color,  with  vitreous  luster,  and  reacts  for  lead,  cop- 
per, and  sulphuric  acid ;  gives  off  water  and  loses  its  color 
when  heated  in  a  closed  tube ;  soluble  in  nitric  acid,  leaving 
a  white  residue  of  lead  sulphate.  It  is  associated  with 
cerussite,  caledonite,  malachite,  and  aurichalcite.  Linarite 
seems  to  have  been  reported  from  but  two  other  localities  in 
this  country — at  the  Cerro  Gordo  mines,  Inyo  county,  Cali- 
fornia, and  Organ  mountains,  near  Las  Cruces,  N.  M. 

Gypsum. 

Observed  forms :    b(010)ooPoo;  V(110)ooP;  ^(111)-  ?• 

Crystals  with  the  above  forms  averaging  about  3  cm.  in 
length  occur  in  bituminous  shale  (probably  Coal  Measures) 
on  the  Mastin  ground,  southwest  of  Galena. 

Minute  crystals,  often  in  stellate  groups,  are  found  on  the 
surface  and  in  cavities  of  chert  and  other  rocks  on  dump 
piles.  They  are  secondary  in  origin,  and  in  at  least  some 
cases  have  been  formed  since  the  rocks  were  taken  out  of  the 
ground. 

At  the  Grade  Clark  mine  cleavage  pieces  of  calcite  lying 
exposed  on  the  dump  piles  for  some  time  have  been  partially 
changed  to  hydrous  calcium  sulphate,  the  sulphuric  acid  of 
which  was  doubtless  formed  by  the  oxidation  of  pyrite,  which 
occurs  plentifully  on  the  same  dump  piles. 
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Ooslarite. 

A  promineDt  locality  for  goslarite  is  the  Moll  tract,  Ga- 
lena, where  it  has  been  formed  by  the  oxidation  of  the  white 
amorphous  zinc  sulphide  described  by  Robertson."  It  occurs 
in  white  fibrous  masses  and  capillary  crystals,  and  is  evi- 
dently quite  free  from  impurities. 

Goslarite  also  occurs  as  botryoidal  and  stalactitic  incrusta- 
tions on  the  walls  of  shafts  and  '* cave-ins,"  as  at  the  Sun- 
shine mine,  Galena,  and  the  Pilgrim  mine.  Cave  Springs. 

Ferrogoslarite,  described  by  Wheeler, **  is  a  zinc  sulphate 
containing  ferrous  sulphate.  It  occurs  on  the  wall  of  a  large 
body  of  sphalerite,  with  which  marcasite  is  associated,  and 
its  origin  is  due  to  the  oxidation  and  leaching  of  these  sul- 
phides and  subsequent  crystallization.  The  material  is  light 
yellow  to  brown  in  color,  with  vitreous  luster,  and  occurs  in 
subtransparent  mammillary  and  stalactitic  incrustations.  The 
analysis  is  as  follows  : 

ZnS04 55.20 

FeS04 4.90 

HsO 39.00 

SiOa 0.40 

AhOs 0.40 

Total 99.90 

Cuprogoslarite,  described  by  the  author,**  is  a  zinc  sulphate 
containing  copper  sulphate.  It  occurs  in  the  same  way  as 
ferrogoslarite  on  the  walls  of  a  "cave-in'*  at  the  Sunshine 
diggings,  in  the  western  part  of  Galena,  near  Owl  creek. 
The  analysis  is  as  follows : 

ZnS04 45.16 

CuS04 12.48 

FeS04 0.27 

HsO 41.76 

Insoluble 0.58 

100.00 

A  determination  of  copper  in  another  specimen  gave  Mr. 
Edgar  B.  Hayes  14.31%  CUSO4. 

22.  Robertson :  Amer.  Jour.  ScL,  voL  40  (8),  pp.  160. 161. 1890. 
28.  Wheeler :  Amer.  Jour.  Set,  voL  41  (8).  p.  212. 1891. 
24.  Rosen :  Kan.  Univ.  Qnar.,  voL  8,  pp.  105, 106. 1899. 
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Melanterite. 

This  mineral  is  occasionally  found  as  white  capillary  crys- 
tals produced  by  the  oxidation  of  pyrite  or  marcasite,  espe- 
cially the  latter,  as  it  has  more  of  a  tendency  to  oxidize.  As 
the  mineral  is  soluble  in  water,  it  is  only  found  at  certain 
times  or  under  certain  favorable  conditions. 

Specimens  of  marcasite  after  remaining  in  a  cabinet  for 
some  time  are  often  found  to  be  so  disintegrated  that  on  pick- 
ing them  up  they  will  fall  to  piecs.  This  is  caused  by  the 
formation  of  melanterite,  as  upon  close  examination  white 
crystalline  fibers  may  be  seen. 

Cbalcanthite. 

This  mineral  has  recently  been  found  at  the  Irene  mine,  in 
Empire  City.  It  occurs  as  small,  blue,  columnar  crystals, 
associated  with  sphalerite,  pyrite,  and  chalcopyrite,  and  is 
doubtless  the  result  of  the  oxidation  of  the  latter.  The  speci- 
mens were  found  on  the  dump  pile,  but  the  miners  say  that 
the  mineral  is  frequently  observed  on  material  just  after  it  is 
hoisted  from  the  shaft. 

Copiapite. 

A  basic  ferric  sulphate,  referred  to  copiapite,  occurs  as  a 
yellow,  crystalline  incrustation,  often  assuming  a  botryoidal 
or  stalactitic  form  on  pyrite  at  Galena  and  at  Cave  Springs, 
being  especially  abundant  at  the  Pilgrim  mine  at  the  latter 
locality,  where  it  occurs  on  the  walls  of  a  '* cave-in." 

It  is  also  formed  from  melanterite,  as  specimens  of  the  latter 
on  long  exposure  to  the  air  gradually  become  yellow. 

Aspbaltum. 

The  solid  and  stiff  liquid  asphaltum  is  quite  common  at 
Joplin  and  Webb  City,  but  is  rarely  observed  at  Galena. 
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PAEAGENESIS  OF  THE  MINERALS. 

Par  agenesis,  or  order  of  formation  of  minerals,  is  a  very 
interesting  subject.  It  is  especially  valuable  to  the  geologist 
and  to  the  student  of  ore  deposits,  as  it  is  a  prime  factor  to 
be  considered  in  working  out  a  theory  as  to  the  deposition  of 
ore  in  any  given  locality. 

The  order  in  which  the  minerals  of  the  Joplin  district  were 
formed  is  not  an  invariable  one,  yet  there  is  a  general  order 
which  it  is  believed  will  hold  in  the  majority  of  cases.  The 
order  of  deposition  of  the  original  minerals  (secondary  min- 
erals being  formed  at  any  time  subsequent  to  the  original 
ones)  is  as  follows :  Dolomite,  galena,  sphalerite,  chalco- 
pyrite,  marcasite,  pyrite,  calcite,  barite. 

In  order  that  the  reader  may  judge  for  himself,  some  of  the 
data  upon  which  this  conclusion  is  based  are  given  below. 
Many  of  the  specimens  which  furnish  these  data  are  in  the 
display  collections  at  Joplin. 

Dolomite,  sphalerite,  calcite. 

Dolomite,  galena,  sphalerite,  chalcopyrite. 

Dolomite,  galena,  chalcopyrite. 

Dolomite,  galena,  sphalerite,  calcite,  barite. 

Dolomite,  sphalerite,  chalcopyrite,  marcasite,  calcite,  barite. 

Sphalerite,  chalcopyrite,  barite,  calcite. 

Dolomite,  galena,  sphalerite,  chalcopyrite,  marcasite,  calcite. 

Dolomite,  galena,  sphalerite,  chalcopyrite,  marcasite,  barite. 

Galena,  sphalerite,  pyrite. 

Galena,  pyrite,  calcite. 

Dolomite,  galena,  sphalerite,  chalcopyrite,  marcasite,  pyrite. 

Galena,  sphalerite,  marcasite,  pyrite. 

Galena,  sphalerite. 

Galena,  sphalerite,  dolomite. 

Galena,  dolomite. 

Sphalerite,  chalcopyrite,  pyrite. 

Chalcopyrite,  marcasite. 

Pyrite,  sphalerite  (small,  reddish  crystals  in  cavity). 

Sphalerite,  dolomite,  calcite,  barite. 

Dolomite,  calcite. 

Sphalerite,  galena  (small,  octahedral  crystals). 

Sphalerite,  chalcopyrite,  galena  (small  cuts,  octahedrons). 

Sphalerite,  galena  (cuts,  octahedrons). 

Dolomite,  chalcopyrite,  calcite. 

Dolomite,  galena  and  sphalerite  belong  to  the  first  period 


:M 
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of  deposition.  Dolomite  was  formed  before,  during  and 
after  the  formation  of  galena  and  sphalerite.  Sometimes, 
however,  it  is  of  much  later  origin,  as  one  specimen  from 
Granby — a  corroded  galena  crystal  coated  with  a  crystalline 
deposit  of  dolomite — shows.  In  most  cases  galena  has  pre- 
ceded sphalerite,  but  there  are  evidently  two  generations  of 
galena,  for  the  small  octahedrons  or  cubo-octahedrons  are 
almost  invariably  found  on  the  sphalerite,  and  represent  the 
second  generation,  while  the  cube  or  cubes  slightly  modified 
by  the  octahedron  represent  the  first  generation,  being  formed 
before  the  sphalerite.  There  are  also  two  or  more  generations 
of  sphalerite,  the  second  one  appearing  as  small,  reddish 
crystals  in  cavities.  Pyrite  is  apparently  in  almost  all  cases 
formed  after  marcasite,  while  chalcopyrite  precedes  them 
both.  Barite  is  usually  found  upon  the  calcite,  but  this  is 
not  always  the  case. 

Table  III  is  a  comparison  of  the  minerals  from  the  three 
most  prominent  lead  and  zinc  districts  of  the  Mississippi 
valley  :  (1)  The  Joplin  district,  of  southwestern  Missouri  and 
southeastern  Kansas ;  (2)  the  northern  Arkansas  district ; 
and  (3)  the  upper  Mississippi  district,  of  Wisconsin,  Illinois, 
and  Iowa.  The  data  for  the  northern  Arkansas  district  were 
found  in  the  Arkansas  Oeological  Survey's  Annual  Report  for 
1892,  vol.  V,  p.  251  et  seq,,  by  Branner ;  and  that  for  the 
upper  Mississippi  in  Geology  of  Wisconsin,  vol.  II,  p.  691  ei 
Bfq.y  1871,  by  Strong ;  Geology  of  Wisconsin,  vol.  IV,  p.  380 
et  seq.,  by  Chamberlain  ;  Iowa  Geological  Survey,  vol.  VI,  p. 
25  ei  seq. ,  1896,  by  Leonard  ;  Iowa  Geological  Survey,  vol.  X, 
p.  498  et  8eq,f  1899,  by  Calvin  and  Bain. 
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Table  III. — Clomparison  of  minerals  of  the  three  lead  and  zinc  districts  of 

the  Mississippi  valley. 


No. 

MineraL 

Joplin  district: 

S.  W.  Ma  and 

S.  E.Kaiu 

Northern 
Arkansas. 

Upper  Missis- 
sippi : 
Wis.,  111.,  Iowa. 

1 

Sulphur 

X 

•  •    •    • 

X 

•  •   •   • 

X 
X 
X 
X 
X 
X 
X 
X 
X 

•  •    •    • 

X 
X 

IX 

•  ■    •    • 

X 
X 

■  ■    •    • 

X 

(X) 

•  ■    •    • 

X 
X 
X 
X 
X 
X 
X 
X 

■  ■   •   • 

•  •    •    • 

X 
X 
X 

(X) 

h) 

(X 
(X) 

•  •    •    • 

X 
X 
X 
X 
X 
X 

•  •    •    • 

X 
X 
X 

•  •   •   • 

X 
X 
X 

X 
X 

•  •  •  • 

X 
X 

•  •   •  • 

X 

•  •   •  • 

X 
X 
X 
X 

•  •   •  • 

X 
X 
X 
X 
X 
X 
X 

•  •   •   • 

X 
X 
X 
X 
X 
X 
X 
X 
X 

•  ■    •    • 

X 
X 
X 

•  •   •   • 

X 
X 

•  •   •   • 

•  •   •   • 

•  •    ■    • 

•  •   •   • 

X 

•  •    •    ■ 

X 

•  •  •  • 

•  •   •  • 

•  ■    ■   « 

X 
X 
X 

•  •   •   • 

•  •  •   • 

X 

•  •   •   • 

•  •  •  • 

X 

X 

2 

Copper 

3 

Galena 

X 

4 

Chalcocite 

5 

Sphalerite 

X 

6 

Covellite 

7 

Greenockite 

8 

Wurtzite 

9 

Chalcopyrite 

10 

Pyrite 

X 

11 

Marcasite 

X 

12 

Quartz 

X 

13 

Cuprite 

14 

Zincite 

15 

Hematite 

X 

16 

Pyrolusite 

X 

17 

Limonite 

X 

18 
19 

Psilomelane  ( incl.  Wad.) 

Calcite 

X 
X 

20 

Dolomite 

X 

21 

Siderite 

X 

22 

Smithsonite 

X 

23 

Arag^onite. 

X 

24 

Strontianite 

25 

Cerussite 

3[ 

26 

Malachite 

X 

27 

Azurite 

X 

28 

Aurichalcite 

29 

Hydrozincite 

X 

30 

Calamine 

X 

31 

Muscovite 

32 

Kaolinite 

33 

Newtonite 

34 

Pyrophyllite 

35 

A  lophane 

36 

Chrysocolla 

37 

Pyromorphite 

38 

Mimetite 

39 

Picropharmacolite 

40 

Vivianite 

41 

Wavellite 

42 

Niter 

43 

Barite 

X 

44 

Anglesite 

X 

45 

Leadhillite 

46 

Caledonite 

47 

Linarite 

48 

Gypsum 

X 

49 

Epsomite 

50 

Goslarite 

X 

51 

Melanterite 

X 

53 

Chalcanthite 

53 

Alunotren 

54 

Copiapite 

55 

Alummite 

56 

Asphaltum 

. 

Totals 

45 

37 

25 

.iM 
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A  BIBLI0GBAPH7  OF  PUBLICATIONS  ON  THE  MINEBAL8  OF 
THE  DI8TBI0T,  WITH  BBIEF  AB8TBA0T8. 

1.  1873-'74.  Description  of  the  Ores  and  Associated  Min- 
erals, being  chapter  XXIII  of  Report  of  Geological  Survey 
of  Missouri,  pp.  386-399  ;  A.  Schmidt  and  A.  Leonard.  Men- 
tions the  following  minerals  :  Galena,  cerussite,  pyromorphite , 
blende,  calamine,  smithsonite,  zinc  bloom,  pyrites,  limonite, 
dolomite,  calcite,  quartz,  and  bitumen. 

2.  1877.  Geological  Survey  of  Missouri,  Industrial  Report 
on  Lead,  Zinc,  and  Iron,  pp.  9-25,  106-109 ;  Chas.  P.  Will- 
iams. Gives  the  following  list  of  minerals :  Galena,  pyro- 
morphite, anglesite,  cerussite,  hydrozincite,  and  goslarite 
(in  solution  in  mine  waters). 

3.  1881.  Notes  on  Kansas  Minerals,  Trans.  Kan.  Acad. 
Sci.,  VIII,  pp.  25,  26;  Erasmus  Haworth.  Reports  the  fol- 
lowing minerals  from  the  vicinity  of  Galena,  Kan. :  Chalco- 
pyrite,  greenockite,  and  anglesite. 

4.  .  1882.  Notes  on  the  Minerals  of  Missouri,  St.  Louis 
Acad,  of  Sci.,  IV,  pp.  401-413;  A.  V.  Leonard.  Lists  the 
following  minerals  as  occurring  in  the  district :  Galena, 
cerussite,  pyromorphite,  anglesite,  sphalerite,  smithsonite, 
hydrozincite,  calamine,  buratite,  greenockite,  pyrite,  mar- 
casite,  dolomite,  calcite,  aragonite,  and  bitumen. 

5.  1884.  A  Contribution  to  the  Geology  of  the  Lead  and 
Zinc  Mining  District  of  Cherokee  County,  Kansas  ;  Erasmus 
Haworth  ;  printed  by  the  author,  Oskaloosa,  Iowa,  June, 
1884.  Reports  the  following  minerals  from  Cherokee  county, 
Kansas  :  Galena,  anglesite,  cerussite,  sphalerite,  smithsonite, 
hydrozincite,  calamine,  goslarite,  pyrite,  marcasite,  melan- 
terite,  calcite,  dolomite,  barite,  greenockite,  chalcopyrite, 
quartz,  azurite,  and  limonite. 

6.  1890.  The  Zinciferous  Clays  of  Southwest  Missouri, 
and  a  Theory  as  to  the  Growth  of  the  Calamine  of  that  Sec- 
tion, Amer.  Jour.  Sci.,  XXXIX  (3),  pp.  38-42;  W.  H. 
Seamon.  Gives  analyses  of  **  tallow-clays,"  which  show 
variable,  though  often  large  percentages  of  zinc  oxide,  some 
containing  as  high  as  fifty-four  per  cent.      "From  the  rela- 
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tions  in  position  of  the  clay  and  calamine,  it  seems  very 
probable  that  all  the  massive  calamines  once  existed  in  south- 
west Missouri  as  *  tallow-clay,'  precipitated  from  solutions. 
By  filtration  of  waters  the  zinc  silicate  has  been  and  is  still 
gradually  being  removed  from  the  *  tallow-clays '  and  crystal- 
lized as  calamine.  As  the  zinc  silicate  is  removed  from  the 
'tallow-clays'  they  pass  to  the  stage  called  'joint-clays,' 
which  differs  from  the  former  only  in  composition." 

7.  1890.  On  a  New  Variety  of  Zinc  Sulphide  from  Chero- 
kee County,  Kansas,  Amer.  Jour.  Sci.,  XL  (3),  pp.  160, 
161  ;  J.  D.  Robertson.  A  soft,  white,  amorphous  sulphide, 
found  on  the  Moll  tract.  Galena,  Kan. 

8.  1890.  Picropharmacolite  from  Joplin,  Mo.,  being  a 
part  of  Contributions  to  Mineralogy,  Amer.  Jour.  Sci.,  XL 
(3),  pp.  204,  205;  F.  A.  Genty.  Occurs  on  dolomite  in  in- 
crustations 2  to  15  mm.  thick,  composed  of  radiating,  silky 
fibers  forming  botryoidal,  globular  or  mammillary  forms. 
One  analysis  gave  the  following  :  AsgOj,  47.60;  CaO,  22.42; 
MgO,6.64;  HsO,23.11;  total,  99.77,  which  corresponds  to  the 
formula  (HjCaMgjsAsA+SHsO. 

9.  1891.  Notes  on  Ferrogoslarite,  a  New  Variety  of  Zinc 
Sulphate,  Amer  Jour.  Sci.,  XLI  (3)  p.  212;  H.  A.  Wheeler. 
A  zinc  sulphate,  containing  4.90  %  ferrous  sulphate,  occur- 
ring as  yellow  to  brown  mammillary  and  stalactitic  incrus- 
tation on  the  wall  of  a  large  body  of  zinc  blende  at  Webb 
City,  Mo. 

10.  1891-'92.  A  Revised  List  of  Minerals,  Trans.  Kan. 
Acad.  Sci.,  XIII,  pp.  76,  78;  G.  H.  Failyer  and  E.  H.  S. 
Bailey.  The  following  minerals  from  Cherokee  county,  Kan- 
sas, E.  Haworth  being  the  authority  for  many  of  them :  Ga» 
lenite,  sphalerite,  greenockite,  chalcopyrite,  pyrite,  marcasite, 
quartz,  limonite,  calcite,  dolomite,  smithsonite,  cerussite, 
malachite,  azurite,  hydrozincite,  calamine,  kaolinite,  barite, 
anglesite,  gypsum,  and  goslarite.  Some  of  these  minerals 
doubtless  occur  in  parts  of  Cherokee  county  other  than  those 
included  in  the  Joplin  lead  and  zinc  district. 

11.  1893.  Lead  and  Zinc  Deposits  of  the  Mississippi 
Valley  ;  Trans.  Amer.  Inst.  Min.  Eng.,  XXII,  p.  171 ;  Walter 
P.  Jenney.     Mentions  the  following  minerals  from  the  dis- 
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trict :  Blende,  galena,  pyrite,  chalcopyrite,  marcasite,  barite, 
dolomite,  quartz,  greenockite,  sulphate  of  zinc,  smithsonite, 
calcite,  hydrozincite,  aurichalcite,  anglesite,  calamine,  pyro- 
morphite,  and  bitumen. 

12;  1894.  The  Minerals  of  the  Ore  Deposits,  being  a  part 
of  the  Report  on  Lead  and  Zinc  Deposits ;  Missouri  Geolog- 
ical Survey,  VII,  pp.  448-460 ;  Arthur  Winslow.  The 
following  minerals  are  mentioned :  Sphalerite,  calamine, 
smithsonite,  hydrozincite,  galenite,  cerussite,  anglesite,  pyro- 
morphite,  leadhillite,  calcite,  barite,  dolomite,  pyrite,  marca- 
site, quartz,  bitumen,  chalcopyrite,  malachite,  azurite,  and 
limonite. 

13.  1894.  Occurrence  of  Leadhillite  in  Missouri  and  its 
Chemical  Composition,  Amer.  Jour.  Sci.,  XLVIII  (3),  pp. 
219-226  (two  figures)  ;  L.  V.  Pirsson  and  H.  L.  Wells.  Col- 
orless to  clear  sea-green  monoclinic  crystals,  with  hexagonal 
aspect.  Analysis  shows  the  mineral  to  have  the  following 
formula:    PbSO42Pb.CO3.Pb (Oh),. 

14.  1894.  A  Study  of  the  Cherts  of  Missouri,  Amer.  Jour. 
Sci.,  XLVIII  (3),  pp.  401-409;  E.  O.  Hovey.  Includes  a 
study  of  several  cherts  from  the  district.  This  section  was 
examined  and  analyses  quoted.  The  so-called  ''tripoli" 
occurring  at  Seneca,  Newton  county,  Missouri,  is  a  decom- 
posed chert  with  very  little,  if  any,  opaline  silica. 

15.  1895.  Note  on  the  Occurrence  of  Leadhillite  Pseudo- 
morphs  at  Granby,  Mo.,  Amer.  Jour.  Sci.  (3),  pp.  99,  100; 
Warren  M.  Foote.  Pseudomorphs  of  leadhillite  after  calcite 
and  galena  are  described. 

16.  1895.  Recent  Additions  to  the  Mineralogy  of  Missouri, 
Trans.  Acad,  of  Sci.  of  St.  Louis,  VII,  pp.  126-131 ;  H.  A. 
Wheeler.  Adds  the  following  minerals  to  the  list  given  by 
Leonard  in  1882 :  Leadhillite,  mimetite,  goslarite,  ferro- 
goslarite,  amorphous  sphalerite,  vivianite,  aluminite,  and 
wavellite ;  most  of  them  being  given  on  the  authority  of 
others. 

17.  1897.  XX,  pp.  11.  12,  F.  Pisani,  Bull.  Soc.  francaise 
de  Mineralogie.  In  a  note  to  the  French  Mineralogical  So- 
ciety, presenting  two  calcite  crystals  from  Joplin,  Pisani 
mentions  the  forms  present  on  one  crystal  as  +R3/,  +R|, 
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-fR/,  -f^R^,  fP2,  -5R;  on  the  other,  +R3,  +R,  +iRJ, 
|P»,  +|Rf.  Of  these  |PS  -f iRJ  and  +4Rf  were  not  ob- 
served by  the  writer. 

18.  1899.  Cuprogoslarite,  a  New  Variety  of  Zinc  Sul- 
phate, Kansas  University  Quarterly,  VIII,  pp.  105,  106;  Aus- 
tin F.  Rogers.  A  light  bluish-green  incrustation  occurring  on 
the  wall  of  a  **cave-in"  at  Galena,  Kan.  Contains  12.48% 
CUSO4. 

19.  1900.  Sphalerite  Crystals  of  a  Peculiar  Habit,  and 
with  one  New  Form  from  Galena,  Kan.,  Amer.  Jour.  Sci., 
IX  (4),  pp.  134-136  (three  figures);  Austin  F.  Rogers. 
New  form  0(833)8/3-8/3  recorded  and  natural  etch-figures 
described . 

20.  1900.  Crystal  Forms  of  Calcite  from  Joplin,  Mo.  ; 
Publications  of  Field  Columbian  Museum,  Geological  Series, 
I,  No.  7,  pp.  231-541,  pi.  XXVIII-XXXI;  Oliver  C.  Far- 
rington.  Distinguishes  five  types  of  crystals.  Twins  with 
c(OOOl)  ande(0ll2)  as  twinning  planes.  Following  forms 
observed:  r(lOll) -f  R  ;  M(4041) -f  4  ;  e(0lT2) -i  ;  (0445) -|; 
7r(0775)-^;  f  (0221) -2;  r,(0441)-4;-  ^'(O.ll.n.l) -11  ; 
i2 (0.20.20.1) -20;  (new)  r,(4153)i| ;  v(2131)i';  w(314'5)|*; 
t(2134)i'. 

21.  1900  Annotated  List  of  the  Minerals  Occurring  in 
the  Joplin  Lead  and  Zinc  District,  Kansas  University  Quar- 
terly, IX-A,  pp.  161-165;  Austin  F.  Rogers.  Gives  a  list  of 
forty-four  minerals  from  the  district,  with  a  description  of 
those  not  previously  noted,  which  number  fourteen. 
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Fig.  1,  Galena. 
"     2,  Inter-facial  Angles  on  Galena. 
•*    3,"  Long  Etch  or  Ground  Figures  on  Galena. 
"    4,  Growth  Figures  on  Galena. 

"    6,  Outline  of  Internal  Cavities,  or  Negative  Crystals  of  Galena. 
"    6,  Incipient  Etch  Figures  on  Sphalerite. 
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Fig.  7,  Long  Etch  Figures  on  Sphalerite,  Plan. 
8,  Elevation  Plan  of  figure  7. 
y,  Sphalerite,  Type  I. 

10,  Sphalerite,  Type  II. 

11,  Sphalerite,  Type  III. 

12,  Sphalerite,  Type  IV. 
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Flos.  13,  14,  and  lo,  Wurtziie. 
IC)  and  17,  Clmlcopyrife. 
"     18,  Pyrite. 
19,  Marcasite. 
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FiUB.  20,  21,  and  22,  Maroasite. 
"     23,  Maroasite  Lamells. 
"     24,  Maroasite  Fiveling. 
"     26,  Maroasite,  Detail  of  fi^re  2 
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Fig.  26,  Calcite,  Etch  Figures. 

27  ftiid  28,  Calcite,  Etch  Figures  on  P-,  -f  R. 
29,  Calcite.  Etch  Figures  on  S-,  -^R. 
80,  Rib-like  Striations  on  r,,  —JR. 

31,  Etch  Figures  on  ^•,  -^R. 

32,  Etch  Figures  on  <p\  —  2R. 
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Fig.  33,  Etch  Figures  on  K:,  -f-R'. 

34,  Calcite,  Type  I.     (After  Farrington.) 

35,  Caloite,  Type  II.     (After  Farrington.) 

36,  Calcite,  Type  III.     (After  Farrington.) 
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Fk;.  37,  Culcite,  Type  IV. 
■  37rt,CHlcite,TypeIV. 
"  3a,  Calcite,  Typ«  IV. 
"     3!t,  Calcite,  Type  V,     (After  Ftirringlon.) 
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Fig.  40,  Calcite,  Type  VI. 
"     41,  Caloite,  Type  VII. 
"     42,  Caloite,  Type  VIII. 
"     43,  Caloite,  Type  VIII. 
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Fio.  44,  Growth  Figures  on 

45,  Calcite,  Type  IX. 

46,  Growth  Figures. 

47,  Caloite,  Type  X. 

48,  Calcite,  Type  XI. 
"    49,  Oalcite,  Type  XII. 
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Pio.  50,  Caloile,  Type  XIII. 
"    51,  Caloite,  T^pe  XIV. 
"    52,  Btoh  Figures  on  m-,  +4R. 
'■    53,  Caloile,  Type  XV. 
"    54,  Caloite,  Type  XVI. 
"    55,  Caloite,  Type  XVII. 
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Fig.  56,  Caloite,  Type  XVIII. 
"     57,  Calcite,  Type  XIX. 
"     58,  Caicite,  Type  XX. 
■*     59,  Calcite,  Type  XXI. 
"    60,  Caloite,  Type  XXII. 
"    61,  Calcite,  Type  XXII. 
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Fig.  62,  Oaloite,  Type  XXIII. 

63,  Caloite,  Type  XXIV. 

64,  Caloite,  Twin. 

65,  Caloite,  Twin  Cleavage. 
"    66,  Caloite,  Twin. 
*    67,  Oaloite. 
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Fid.  68,  Cernseite. 
"  69,  Auricfaalcite. 
"  70,  Anriohalcite. 
"  71,  Aurichaloite. 
"  72,  Auriacblcite. 
'"     73,  Leadhillite.     (After  PirsBon  and  Wells.) 
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Fig.  74,  Calamine. 

75,  Anglesite. 

76,  Anglesite. 

77,  Anglesite. 
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